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' TEST OF A BABCOCK & WILCOX BOILER BUILT 
FOR THE AZERT. 


Prior to the shipment of the two newly-constructed Babcock & 
Wilcox boilers to Mare Island, Cal., for installation in the A/ert, 
the Engineer-in-Chief decided to supervise a series of tests in 
order to get, as far as possible, accurate data of performance 
of this type of boiler, and also to note the effect of the air- 
heating device which, while not a part of the A/ert outfit, is in- 
stalled in the A//anfa,in connection with the Babcock & Wilcox 
boilers there. The change in arrangement of baffles in the Alert 
boiler indicated an increased efficiency over former arrangements 
in the marine type and made the tests more desirable. 

Chief Engineer McElroy, U. S. Navy, under whose inspection 
these boilers were built, and Passed Assistant Engineers W. W. 
White and Emil Theiss, U. S. Navy, from the Bureau, were de- 


tailed for this duty. 
DESCRIPTION OF BOILER. 


The construction of the marine type of the Babcock & Wil- 
£ox boiler is so well known that it will be unnecessary to enter 
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into a detailed description. It will be sufficient to give the gen- 
eral dimensions of the boilers as constructed for the A/ert, and 
to point out wherein they differ from others heretofore built for 
vessels of the United States Navy. 

The A/ert will have two of these boilers, placed side by side 
in the ship, with a passageway between them, facing an athwart; 
ship fire room. 

The dimensions over all of the boilers are: 

Length at bottom of ash pit, 11 feet 1 inch; distance from boiler 
front to perpendicular from center of drum, Ig} inches. 

Length at top from back end to center of drum, 10 feet 53 
inches. 

Width of boiler, 8 feet 9 inches. 

Height from bottom of ash pit to center of drum, 10 feet 84 
inches. 

The steam drum is 42 inches inside diameter and $ inch thick. 
The heads are ,°; inch thick, one of them having an 11 by 15- 
inch manhole. 

There are twelve sinuous headers at front and back, parallel 
sided, inclined 15 degrees to the vertical. The tubes are inclined 
15 degrees to the horizontal and rise to the rear. The general 
thickness of headers, corner, cross and side boxes is 4 inch. 
Each pair of front and back headers is connected by a single 
4-inch tube next the furnace, and by seven groups, four tubes 
in each group, of 2-inch tubes. Access is had to the 4-inch 
tubes both at front and back through the usual oval handholes. 
At the back ends similar handholes give access to each of the 
groups of 2-inch tubes. At the front ends, however, a 2-inch 
screw plug is fitted over each 2-inch tube. This is a change 
from the At/anta type, and is necessitated by the wider spacing 
of the 2-inch tubes. The front headers are connected at the 
top by 4-inch nipples, 124 inches long, to the drum, and at 
the bottom by short nipples of the same diameter to a cross 
box, which is in turn connected by 4-inch nipples to the front 
corner boxes. The back headers are connected by nipples to a 
cross box at top, from which fourteen 4-inch tubes lead to the 
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center of the steam drum, namely, one tube for each of the twelve 
sinuous back headers and one for each of the back corner boxes. 

The four corner boxes are square in cross section. Each of 
these boxes is made in two parts, connected by means of a 4- 
inch nipple and a joint, made male and female, held together 
moreover by a strap, $ inch think, secured to each part by three 
Z-inch tap bolts. All the corner boxes extend to the channel- 
shaped bearer at bottom, to which they are secured by a 2-inch 


stud, which stud is forged solid with the plate, closing the boxes. 


at their lower end, into which it iswelded. The front boxes con- 
nect at top through 4-inch nipples with the steam drum. At the 
level of the top of the furnace-door opening they are joined by 
the front cross box already referred to. The back corner boxes 
connect at top with the cross box referred to above, which in 
turn communicates through 4-inch tubes with the steam drum, 
as described. 

The pairs of front and back corner boxes are connected at 
their lower ends by four side boxes of square section, cpnnected 
to the corner boxes by 4-inch nipples. The side boxes form the 
furnace sides, extending above the level of the fuel. Next above 
the side boxes are fitted three 4-inch tubes, expanded into the 
corner boxes. The topmost one of these tubes is as nearly as 
possible on a level with the tier of 4-inch tubes connecting the 
sinuous headers. Above the 4-inch tubes are arranged seven 
groups of 2-inch tubes, each group consisting of two tubes. Ac- 
cess is had to the back of all the tubes and the side boxes by 
means of the usual handholes. Handholes also serve to give 
access to the side boxes and the 4-inch tubes at the front ends. 
Opposite the 2-inch tubes at front ends 2-inch screwed plugs are 
fitted. 

The water circulation proceeds in the usual way. Modifica- 
tions made in the internal arrangements have produced a change 
in the method of circulating the products of combustion, however, 
making these boilers more nearly like the land type of boilers 
built by this firm. The furnace is inclosed at the sides by the 
side boxes; at the back by a slanting solid wall of fire brick, 
clothed on the outside with magnesia, lined on the inside with 
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asbestos board, and on the outside with a No. 16 B.W.G. casing 
plate. The furnace front is formed by the cross box and by fire 
brick set between the doors. 

The row of 4-inch tubes immediately above the furnace and 
the first row of 2-inch next above are spaced 10} inches apart, 
center to center, leaving a space the full width of the boiler. The 
4-inch tubes, for a length of 5 feet 6 inches from their front ends, 
are covered with fire brick, fitted to the shape of the tubes, form- 
ing a closed furnace at this part. At this point the space beween 
the 4-inch and the 2-inch tubes is closed by means of an asbestos- 
lined plate baffle, stiffened on the front by a T and protected on 
the back by a wall of fire brick and fire clay. The sections of 
baffles in each tier are in two parts. The flames pass over the 
top of the baffle just described and then pass downward be- 
tween this baffle and a second one, similarly built up, extending 
from the space between the top row of 2-inch tubes and the 
steam tubes between back cross box and drum to the middle 
of the fifth row of 2-inch tubes from the bottom, and placed 2 feet 
6 inches from the front end of tubes. The flames pass around the 
lower edge of the second baffle and thence into the uptake, the 
opening for which is in the top casing immediately back of the 
drum. The division of the space above the 2-inch tubes from 
the second baffle to the top casing is formed by two plates of 
No. 10 B.W.G. steel with 4-inch asbestos board between, stiffened 
by an angle and bolted to the cast-iron sectional baffles and to 
the cross channel bar at top supporting the uptake. 

A course of fire bricks is fitted on each sice of the tube nest 
near the top of the nest, supported upon the outside row of the 
outside header at each side and the inside rows of the corner 
boxes, to close up the large direct passages existing at these 
points. 

The boiler casing is built in accordance with the usual prac- 
tice of the Company, except that the outside casing plates 
are made lighter than in former designs, being No. 16 B.W.G. 
thick. Next the tubes and fitting them are placed fire tiles 
about 2 inches thick; next a sheet of }-inch asbestos board; 
then 2 inches of block magnesia, and outside of this the casing 
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plates. The latter, and by them the fire brick and magnesia 
lining, are held in place against the frame work, which is built 
of angles and secured to the boiler foundation by means of 
straps held in place by studs and nuts, the studs screwed into 
the flanges of the angles composing the frame work. This con- 
struction makes the work of taking down the casing and expos- 
ing the tubes and baffles the work of a few minutes. Opposite 
each of the three flame spaces, 7. ¢., the tube spaces between the 
vertical baffles and between these baffles and the front and back 
headers, and on each side of the boiler, six 14-inch nipples are 
fitted through the casing plate, the magnesia, and into the fire 
tiles for the purpose of cleaning out the soot by means of 
an air or a steam jet. These holes also serve as peep holes 
to observe the extent of the flame. Opposite the 74-inch space, 
between _the row of 4-inch tubes and the lowest row of 2-inch 
tubes, are two doors on each side of the boiler, held up by 
catches as ordinarily used on connection doors, A peep or 
blow hole is located in each of the doors on one side of the 
boiler only. These doors taken down give free access to the 
space mentioned, so that any accumulations may be readily 
blown or hauled out. A similar door is placed in the casing 
opposite the space above the 2-inch tubes on each side of the 
boiler. These doors are wide and deep enough to admit a man 
to either side of the deflecting plate. Each of these doors was 
provided with a peep hole. All the peep or blow holes are 
closed by a shutter. The doors opposite the space between the 
4 and 2-inch tubes are built of an outer sheet of No. 10 B W.G. 
steel, 4 inches of magnesia, a sheet of }-inch asbestos board, and 
an inside sheet of No. 10 B.W.G. The doors opposite the space 
above the 2-inch tubes are similarly built up, except that the 
inside sheets are No. 16 B.W.G. thick. The uptake doors are 
of No. 16 B.W.G. plate lined with }-inch asbestos board. 

The air-heating device, which is no part of the A/er?’s outfit, 
but was improvised for this test (as was also the blower and its 
ducts), consisted of a rectangular box, 9 feet wide by 6 feet long 
by 2 feet 6 inches high, containing one hundred and two 3-inch 
tubes, 6 feet long, through which the air was drawn by the 
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blower and among which passed the uptake gases. Thesé gases 
passed diagonally through the box and circulated among the 
tubes. The duct leading from the heater to the suction side 
of the blower was fitted with a large door close to the blower, 
so that the cooler air of the building could be drawn in and 
discharged into the ash pit, the heater thereby being cut out. 
The blower was an ordinary fan blower, diameter of fan 263 
inches, driven by a single-cylinder engine. 

The following is additional boiler data: 


Tubes and nipples in one boiler: 


364 2-inch tubes, 9 feet 2 inches long (exposed length, 9 feet), B.W.G..... No. 8 
18 4-inch tubes, 9 feet 2 inches long (exposed length, 9 feet), B.W.G..... No. 6 
14 4-inch tubes, 7 feet 11 inches long, B.W.G.........cccccsccccssescesscsceeeee No. 6 
48 4-inch nipples, 33 inches long, B.W.G...........cccccsoscscssccsescccesesecees NO. 6 
Heating surface outside of tubes, square 2,012 
Grate surface (length of grate, 6 feet 4 inches), square feet................00008 48 
Air heater: 
Heating surface: in tables, squave feet 481 
Least area between tubes for uptake gases, square feet................0eceeee coe 7.25 
Smoke pipe : 
Weight of one boiler, as weighed during construction : 
Grates, furnace material, ash pans, etc., pounds,..............ceceeceeceeseeeesees 4,666 
Water at steaming level (boiling point at 200 pounds pressure)............... 7,660 


Total weight of boiler, dry-weighed on car, complete, pounds...............+. 46,488 
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The weight of water necessary to fill this boiler to steaming 
level was carefully ascertained. 


Weight, in pounds, | Total Temperature. | Water level in gage 
pumped in. . Degrees F. glass, inches. 
1,916 | 1,916 55 ; 
1,845 3,761 53 we 
1,864 5,625 55 : 
1,870 | 7,495 54 eee 
433 7,928 53 ° 
173 8,101 nie I 
190 8,291 2 
169 8,460 3 
172 | 8,632 4 
201 8,833 5 


| 


Total water at 5 inches in gage glass (which is at the middle 
of the drum), is 8,833 pounds, or 7,660 pounds for same level 
at temperature due to boiling water under 200 pounds pressure. 


DESCRIPTION OF TESTS. 


Four separate tests were made on April 11th, 12th, 13th and 
14th. 

The first was with cold air, closed ash-pit draft, and a steam jet 
inthe smoke pipe. Duration, six hours, from 11°15 A. M. to 5°15 
P.M. This test was intended to demonstrate the performance, 
under the conditions stated, of the boiler with the maximum con- 
sumption of coal that it is expected to reach in naval practice. 

The second test was with open ash pit,a steam jet being used 
in the chimney to produce a partial vacuum about equivalent to 
that due to the height of smoke pipe as on the ship, viz: about 
0.45 inch of water. Duration, ten and one-tenth hours, from 
940 A. M. to 7°46 P. M. 

The third was with heated air, closed ash-pit draft, and a steam 
jet in the chimney. The blower drew the air through the heater 
tubes and discharged it into the back of the ash pit. Duration, 
six hours, from 10 A. M.to 4 P. M. The conditions as to draft, 
method of firing and temperature of feed, were, as nearly as pos- 
sible, the same as in Test No. 1, the object being to establish the 
effect due to the heating of the air. 

In all of the three preceding tests Cumberland coal was used. 
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During the first and the greater part of the second test it was 
George's Creek coal. During the latter part of the second test 
and throughout the third test another shipment of coal, also 
Cumberland, was used. This last coal contained less slack and 
less surface moisture than the first, but all was of excellent and 
presumably of very similar quality. 

The fourth test was with cold air closed ash-pit draft, and a 
steam jet in the chimney. The coal used was anthracite, Lacka- 
wanna egg. Duration of test, six hours, from 9'40 A. M. to 3°40 
P. M. 

The tests were all conducted in a similar manner, the methods 
of taking and recording data and the time intervals at which re- 
corded being the same throughout. Such remarks and explana- 
tions as are essential are found under the following detailed 
account of the several tests undertaken. 

Tests Nos. 1 and 3 were for maximum rates of combustion, and 
the boiler pressure maintained was the maximum at which the 
boiler may be safely worked. 

Test No. 2 was undertaken under the conditions as to draft 
and steam pressure as they will exist on the ship for which the 
boilers are intended. 

Test No. 4 was undertaken to show the efficiency of the boiler 
using hard coal under moderately strong forced draft. 

Attention is especially directed to the comparative results 
of tests made April 13th in presence of the Board, and on April 
I9th by the firm. These two tests were made under nearly 
identical conditions as to draft, temperature of feed, and method 
of firing, except that during the test of April 13th the air heater 
was in use, while on April Igth it was not, and would seem to 
show that with the ratio of grate to heating surface, and the cir- 
culation of gases secured in the boiler under test, the uptake 
gases escape at so moderate a temperature that the air heater is 
of little value. The data of these tests, bearing on this point, 
are given in a separate table, page 302. 

The results of the parallel tests with and without air heaters 
in use, made by the Board on April 11th and on April 13th, are 
somewhat vitiated by the fact that the coal used was not from 
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the same shipment in the two cases; and, while from the same 
coal region, and presumably of very similar heating value, the 
first lot contained about 4.09 per cent. of surface moisture, and 
was composed of nearly 75 per cent. slack; while the second 
lot contained 2.77 per cent. of surface moisture, and contained 
much less slack, about 50 per cent. 

The following experiment, made April 22d, in the presence of 
Chief Engineer G. W. McElroy, U. S. Navy, gives the time re- 
quired for raising steam under the conditions stated. 

Fires were started with wood and oily waste in front. About 
one-half shovelful of kerosene was thrown on just after lighting 
the fires. Soft coal was used toward the end. The boiler was 
at atmospheric temperature when fires were lighted, the water at 
a temperature of 54 degrees Fahrenheit. Its height in the gage 
glass on starting fires was 1} inches. Almost immediately after 
fires were started the circulation of the water began, as evidenced 
by the temperature of the different parts of the boiler. 


RECORD OF RAISING STEAM. 
Time. 


11°31. Lighted fire. © 1} inches water. 

11°42. Began to make steam. 

11°444. 5 pounds pressure on gage. 

11°45. 10 pounds pressure on gage. 

11°46}. 20 pounds pressure on gage. 

11°47. 25 pounds pressure on gage. 

11°48%. 40 pounds pressure on gage. 

11°49%. 50 pounds pressure on gage. 

11'51. 65 pounds pressure on gage. 4} inches water. Put on 
blower. 

11'51#. 75 pounds pressure on gage. 

11°52#. 100 pounds pressure on gage. 

11°53. 105 pounds pressure on gage. 

11°53#. 125 pounds pressure on gage. 

11°54}. 150 pounds pressure on gage. 

11°55%. 175 pounds pressure on gage. 

11°56%. 200 pounds pressure on gage. 

11°57. 225 pounds pressure on gage. 54 inches water. Blew 

safety valve. Stopped blower. 
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Test No. 1 made April 11, 1899. Coldair, closed ash-pit draft, 
steam jet in the smoke pipe. Duration, six hours, 11'15 A. M.to 
P. M. 

Fires were started in the boiler at 8°30 A. M. April 11th, and 
the test began at 11°15 A. M. and continued for six hours. At 
the beginning of the test the fires were judged and the water 
level and steam pressure noted. At the end of the test the fire, 
water level and steam pressure were again noted, the conditions 
being as nearly as possible, and, so far as could be judged, identi- 
cal with those obtaining at the beginning. 

The steam gage, barometer, thermometers, pyrometers and 
high-grade thermometers, draft gages and scales were not stand- 
ardized, but were of standard make, and no doubt exists as to 
their substantial accuracy. 

The data was taken at 20-minute intervals, the first period 
being 15 and the last 25 minutes long. The boiler was located 
in a well-lighted and ventilated end of the shop, remote from 
machinery and furnaces of any kind, and the fire-room temper- 
atures recorded are no index of the heat radiated from the 
boiler. The pressure in the ash pit was that near the front of 
the boiler. The pressure in the smoke pipe was that existing 
above the heater tubes. The pressure in the furnace was only 
imperfectly recorded during this test, the mean of two readings 
at the front giving a vacuum of 0.42 inch of water, the mean of 
four readings at the back giving a vacuum of 0.20 inch. 

The pyrometer recording the uptake temperatures was placed 
just above the top of air-heater tubes. 

During this test the air heater was not in use and the blower 
drew its air from the building and discharged it into the back of 
the ash pit. The temperature of the entering air was not re- 
corded, but it may be safely assumed to have been about 60 
degrees. 

The draft was produced by the blower, running at an average 
of 442 turns, and by a jet in the smoke pipe, placed about 53 feet 
above the top of the air heater. It is to be noted that a steam 
jet was used on all trials in conjunction with the blower, which 
latter delivered into a closed ash pit. There were two reasons 
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for employing the jet to reach the desired coal consumption per 
square foot of grate: one was that the blower was too small to 
create the necessary pressure and deliver the needed supply of 

air; the second was that, as no damper was provided for clos- 

ing off the air delivery when furnace doors were opened, it 

was deemed expedient to maintain negative air pressure in the 

furnace to prevent the flames from being blown out whenever 

furnace doors were opened. 

It was demonstrated, however, that by closing up the air holes 
in the dead plate, passing air from the ash pit over the top of the 
fire through only the holes in the furnace-door liners, which are 
of cast iron, a pressure of 3 inch could be maintained in the ash 
pit without danger to the fireman and with the steam jet closed 
down. This result was made possible by the inclination of the 
sides of the furnace-door liners, which was such as to direct the 
jets of air back into the furnace. 

The water fed into the boiler was run into an upper weighing 
tank, where it was moderately heated by a jet of steam, and from 
which it was allowed to flow into the feeding tank placed directly 
below. More extensive heating of the feed water was made im- 
practicable by the feed pump, which was too small for the work, 
refusing to do its duty when the feed temperature was increased 
much beyond that recorded. The test began with the lower or 
feeding tank full and ended in the same way. 

The coal burned was Cumberland George’s Creek, and was 
of good quality, making little adhesive clinker and containing _ 
7.39 ash. It contained about 75 per cent. slack. ‘ The contained 
moisture was found to be 4.09 per cent., determined by weigh- 
ing pans containing 80 pounds of moist coal after drying for about 
24 hours above the boiler drum. 

The calorimeter used was the Barrus throttling calorimeter, 
such as is generally used for work of this kind, and of which 
a detailed description is not necessary here. 

The calculated quantities are found in Tables I and II. In 
these calculations the evaporation is given per pound of dry coal. 
One set of figures gives the potential evaporation based on the 
steam generated in the boiler under the stated conditions as to 
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temperature of feed, pressure and quality of steam. A second 
set, including in addition the heat absorbed by the evaporation of 
the moisture in the coal into steam at atmospheric pressure and 
superheating the same to the average temperature of the uptake 
gases, was obtained but not herein recorded. 

The firing was done by the same man in this and in subse- 
quent tests. He had little experience in firing a boiler under 
forced draft, and at the beginning of the test the pyrometer show- 
ed much more violent fluctuations than towardtheclose. Atno 
time, however, was antimony melted. The coal was fired close 
to the doors, where it was coked, and was then worked back by 
ahoe. The slicing was done entirely through the slicing doors 
provided. The method of firing was in no wise different from 
that which would have been followed in firing a Scotch boiler. 
With closed furnace doors there was little or no smoke to be 
observed, but whenever a door was opened for coaling or for 
pushing back the fire, dense clouds of dark-gray smoke at once 
made their appearance, to disappear immediately after furnace 
doors were closed. 

Frequent observations were made to note how far the flame 
extended. It was plainly noticeable at the top of the first 
baffle and for a part of the distance down between the first 
and second baffles, but never showed beyond the second baffle. 
At the back end of the sides of the boiler casing the outside 
casing plates were too hot to bear the hand against opposite 
the furnace and for some distance up, the temperature gradu- 
ally decreasing upward and toward the front, where the hand 
could be held against them without discomfort. In two spots 
the casing plate became hot enough to bulge slightly. In one 
spot, at about the middle of the height and length of the tube 
nest, a brick had been partially broken when drilling through for 
the peep and blow-hole thimble; at another spot, opposite the 
furnace, near the boiler front, a space had been left unpacked 
between the square tubes forming the furnace sides. 

A number of analyses of flue gases was made on this and on 
each of the subsequent tests by means of a portable Orsat appa- 
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ratus. The record of the results of these analyses is found for 
all the tests on page 299. 

The steam made by the boiler was used to work its own auxil- 
iaries, for the jet, for heating the feed water, and for the shop 
engines. The pressure was regulated bya stop valve worked by 
hand. Occasionally it became necessary to relieve the pressure 
by opening a stop valve allowing steam to escape to the atmos- 
phere. The safety valve was set to 225 pounds and never lifted. 

Besides the feed connection there was only a bottom blow 
valve and pipe connecting with the boiler-water space. The 
end of the pipe was exposed and no leak occurred. 

Test No. 2, made April 12, 1899. Duration 10.1 hours, from 
9'40 A. M. to 746 P. M. Jet in the smoke pipe to produce a 
vacuum equivalent to about 0.45 inch of water. 

This test was undertaken to show the probable performance of 
the boiler under the conditions expected to obtain on board the 
vessel for which the boilers are intended. 

It was made with the standard start and finish; 7. ¢., fires were 
hauled at the beginning of the test, furnace and ash pits cleaned 
of refuse, and a new fire started with a weighed amount of wood. 
At the end the fires were allowed to burn down, and the refuse 
left in furnace and ash pit weighed in a dry state. 

Data were taken at twenty-minute intervals. First: Time, 
steam pressure, barometer, temperature of the steam, temperature 
of the uptake gases, temperature of the air, temperature of the fire 
room, draft at base of smoke pipe, draft in back of furnace. 

Second: Records of the weight of water fed into the boiler. The 
feeding tank was full at the beginning and at the end of the test. 
There was a recorded difference of 3 inch in the height of water 
in the gage glass at the beginning and at the end of the test. 
No account was taken of this unimportant difference in making 
the calculations, as the water level fluctuated very much at the 
beginning while fires were being hauled and relighted, and an 
accurate reading of the gage was impossible. The temperature 
of the feed water is also given in this table. 

Third: Records of the coal burned, together with the refuse 
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from the coal and the contained surface moisture. It also gives 
particulars of the start and the kind of coal used. 

Fourth: Records of the tests for quality of steam, and gives the 
data for correction of the quality due to condensation in the 
instrument. 

Tables I and II contain the calculated results and final aver- 
ages. The evaporation has been figured out on the basis of dry 
coal and combustible consumed and water evaporated into steam 
of the calculated quality. 

Test No. 3, made April 13th, 1899. Duration, six hours, from 
10 A. M.to 4 P.M. Conditions as nearly as possible the same 
as in Test No. 1, except that the air heater was in operation. 

This test was undertaken under as nearly as possible the same 
conditions as to draft, coal consumption, steam pressure and 
temperature of feed as obtained in Test No. 1, the only difference 
being that the air heater was in use, the object being to deter- 
mine its effect on the potential and economic performance. 

The coal used was the same as that used during the latter part 
of Test No. 2. The coal used during Test No. 1 was Cumber- 
land coal, George’s Creek, containing about 75 per cent. slack, 
and 4.09 per cent. of surface moisture. The per cent. of refuse 
was 7.09 of the wet coal and 7.39 of the weight of dry coal. 
The coal burned on Test No. 3, and which was also used during 
the latter part of Test No. 2, as noted, was also Cumberland coal 
ofanother shipment. It contained about 50 per cent. of slack, and 
2.77 per cent. surface moisture. The refuse was 10.21 per cent. 
of the weight of the wet, and 10.5 per cent. of the weight of dry 
coal. There was presumably little difference in the calorific 
value of the two lots of coal used, but the fact that the identical 
coal was not used on both tests renders the results not strictly 
comparable. 

The explanation of tables is the same as for previous tests. 

Test No. 4, made April 14th, 1899. Duration, six hours, from 
9'40 A.M. to 340 P.M. Cold air ash-pit draft, steam jet in the 
smoke pipe. 

This test was made to show the performance of the boiler un- 
der moderately strong forced draft using hard coal. 
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For details refer to the tables, the explanation being as in pre- 


ceding tests. 


ANALYSES OF FLUE GASES MADE BY A PORTABLE ORSAT APPARATUS. 


Time. cO.. O. co. Remarks. 
per cent. cent. per cent. 
Test No. 1. APRIL I1TH, 1899. 
1:20 10.0 8.6 | 0.6 | Just before firing. 
1-30 11.7 7.3 0.0 | Just before firing. 
1°40 11.2 6.8 0.0 | Between firings. 
2°52 9.0 10.0 0.0 | Just before firing. 
3°48 10.8 6.5 1.0 Just after firing. 
4°07 11.3 8.2 | 0.5 2$ minutes after firing. 
4°47 10.7 re 4 | LI 2 minutes after firing. 
5°06 10.7 7-3 1.0 | Just before firing. 
Averages... 10.7 7.8 0.5 | 
Test No. 2. APRIL 12TH, 1899. 
12°25 9-4 | 7.6 0.6 | Between firings. 
2:00 9.3 | 9.0 0.0 | 2 minutes after firing. 
3°00 11.0 | 8.0 0.0 | Just before firing. 
312 10.7 5 0.6 I minute after firing. 
5°30 11.8 7.2 0.0 Just before firing. 
6:20 | 10.7 8.3 0.0 | I minute after raking. 
i | 12.2 6.2 0.3 | I minute before firing. 
Averages, 10.9 | 7-7 0.02 
Test No. 3. APRIL 13TH, 1899. 
11*20 7.0 0.0 | 1 minute after raking. 
12:00 10.0 9.7 0.0 Just before firing. 
12°12 11.0 9.1 0.0 , I minute after firing. 
1°30 12.0 6.4 0.3 | I minute after firing. 
2°55 10.5 8.5 0.0 | Between firings. 
Averages | 10.9 | 8.1 0.06 | 
Test No. 4. APRIL 14TH, 1899. 
10°45 108 | 9.0 0.0 
12°12 11.6 7:8 0.0 
118 11.2 9.0 0.0 
2°05 11.7 8.0 | 0.0 
2°30 10.0 10.1 0.0 
315 8.2 | 0.0 
Averages ILI 8.7 | 0.0 
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EXAMINATION OF THE BOILER AFTER THE TESTS HAD BEEN CONCLUDED. 


Comparison of data of trials, with and without the air heater, 
bearing on efficiency of latter as referred to on page 292. Con- 
ditions otherwise nearly identical. 


April 13. April 19. 
In presence of Board. | By builders. 
Air heater in use. | Without air heater. 


Duration of test, hours.............sss0000. 6 6 


Draft, stack, inches..... 1.40 1.41 
+ 0.51 + 0.41 
Temperature air, ash pit, degrees Fahr.. * 168 | 67 
Water per hour, pounds,,................... 17,083 | 16,320 
Coal per hour per sq. ft. grate surface... 41.88 39.93 
j Water per pound coal per hour.......... 8.49 8.51 
Water per pound coal per hour from 
| and at 212 degrees Fahrenheit........ 10.06 10.05 
Temperature of flue gases, degrees F... 578 to 584 . 


On the completion of the tests the boiler was thoroughly ex- _ 
amined inside and outside. 
} The grate bars and bearers had not suffered the least injury, 
| nor did the fire-brick back or the fire-brick baffles supported 
| upon the row of 4-inch tubes over the furnace show signs of 
distress. 
\ The entire outer casing plates opposite the tubes were removed 
on one side and the magnesia and fire-brick lining taken down, 
| exposing the tubes and making possible an examination of the 
sectional vertical baffles. These, as well as the inclined deflector 
i! in the space above the tubes, were found in perfect condition. 
The edges were sharp, and no warping was noticeable. The 4- 
inch tubes immediately above the furnace were perfectly straight. 
A number of the handhole plates at the back end of the boiler 
were leaking more or less, but the correction due to the evapor- 
ation of the water that leaked out into steam at atmospheric 
pressure, instead of into steam at boiler pressure, is negligible. 
Generally speaking, the tests conducted must be regarded as 
most satisfactory. The boiler did its work under natural and 
under forced draft with good economy and without. distress. 
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The comparatively low temperature of the uptake gases during 
all the tests both with and without the air heater in use seems 
to indicate that the air heater is not a necessity in combination 
with a boiler of the design under consideration, and cannot be 
considered a desirable adjunct except, possibly, when working at. 
very high rates of combustion. 

The accompanying photographs represent this boiler in dif- 
ferent stages of its construction and illustrate the simplicity of 
the entire apparatus. 
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RECENT TRIALS OF THE MACHINERY OF 
BRITISH WARSHIPS.* 


In the following paper the authors propose to give a brief 
account of the recent extensive developments in marine en- 
gineering practice in the Royal Navy; and to complete the 
record of particulars of, and the results obtained from, the ma- 
chinery of warships since the period dealt with in the paper 
read before the Institution in November, 1894. In the tables of 
the appendix there are accordingly presented, for battleships, 
cruisers and torpedo-boat destroyers, respectively, data of prac- 
tically the same character as given in the previous paper. An 
additional column has been added, giving the coal consumed 
per I.HP. per hour, which was generally not available for the 
older vessels; and a slightly different arrangement has been 
adopted. The weight of machinery has been given in pounds 
per I.HP., divided between engines and boilers ; while the I.HP. 
per ton of engines and boilers respectively, the form in which 
weights were expressed in the former paper, is also given. To 
facilitate comparison, the corresponding mean results for similar 
ships built under the Naval Defense Act, which immediately 
preceded those about to be reviewed, are given at the head of 
the respective tables. 

An Admiralty Committee was appointed to inquire into the 
designs of machinery for warships, and presented its report in 
1893. One of the more important recommendations was to the 
effect that the water-tank boilers should be so proportioned as 
to have 2.5 square feet of total heating surface per horse-power 
developed on the eight-hours natural-draft trial, and that the 
power developed on the four-hours forced-draft trial should 


* By Sir Albert John Durston, K. C. B., R. N., M. Inst. C. E., and Henry John 
Oram, R. N., M. Inst. C. E. 
“The Machinery of Warships,” Minutes of Proceedings Inst. C. E., vol. cxix, 
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be limited to 25 per cent. in excess of the natural-draft power. 
This recommendation was adopted by the Admiralty with the 
exception that the forced-draft power was limited to 20 per 
cent. beyond the natural-draft power, instead of 25 per cent. 
as recommended by the Committee. The boilers of vessels de- 
signed prior to this period had less surface per horse-power, and 
the effect of the adoption of proportionately larger boilers will 
be seen in the comparison of weights of water-tank boilers dealt 
with in this and the preceding papers. 

In Table I particulars are given of the ten battleships tried 
with water-tank boilers; they are of similar design, and are all 
arranged to develop 10,000 I.HP. with natural draft (eight 
hours), and 12,000 I.HP. with accelerated draft (four hours). 
They have each two sets of triple-expansion engines having cylin- 
der ratios of 1: 2.18: 4.8, the dimension of cylinders, stroke of 
engines, and steam pressures being exactly the same as in the pre- 
ceding eight battleships. They all have eight single-ended four- 
furnace boilers, each with two combusion chambers, except in 
the boilers of the Renown, which have four combustion chambers, 
one to each furnace. The boilers are arranged two in each of 
four watertight compartments, with their backs towards the mid- 
dle-line bulkhead of the ship, and stokeholds in the wings. While 
the boilers were of larger dimensions than those of the vessels 
under the Naval Defense Act, the engines were also made of 
rather more substantial construction, and for these two reasons 
the horse-power realized per ton is less than in the correspond- 
ing eight vessels of the Naval Defense Act. All these battle- 
ships obtain their maximum power by forced draft fitted on the 
“ closed-stokehold” system, with the exception of the Magnificent 
and ///ustrious, where fans in the uptakes are fitted on the system 
known as “ induced draft,” to which reference is made later. It 
will be seen from Table I that the amount of forcing, as indi- 
cated by the air pressure or vacuum required, is but moderate, 
and the maximum powers were easily obtained. The boiler 
tubes are all fitted with the Admiralty cap ferrules, and leaky 
boiler tubes, once so fruitful of trouble in warships, are now 
practically unknown. 
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The six battleships of the Canopus class given in Table I are 
now reaching their trial stage, so that their actual performances 
cannot yet be given, but where I.HP. is involved the data given 
is based on the estimated powers. These vessels have three- 
cylinder triple-expansion engines, with cylinder ratios of 1: 2.7: 
7.1, the increased pressure employed enabling the higher ratio 
to be fitted with advantage. Steam is supplied by twenty Belle- 
ville boilers with economizers, arranged in three watertight com- 
partments. They are placed four abreast athwartships, the aft four 
in one compartment, and the others grouped back to back, eight 
together, in each of the other compartments. The result is acon- 
siderable increase in the I.H.P. per ton of boilers and the I.H.P. 
per ton of machinery complete. 

The next vessels, six in number, are of the Formidable class; 
their machinery is similar, though slightly more powerful, than 
the last named, and need, therefore, not be further described. 

Table II shows the first-class cruisers, and the first dealt with 
are the Powerful and Terrible. These have triple-expansion four- 
cylinder engines with cylinder ratios of 1:2.4:5.7. Thetwo low- 
pressure cylinders are placed aft with the intermediate cylinder 
between these and the high-pressure; steam is supplied by forty- 
eight Belleville boilers without economizers, which are arranged 
in eight watertight compartments, four on each side of a longi- 
tudinal middle-line bulkhead, the four after compartments having 
eight boilers in each, and the four forward four in each. In the 
compartments having eight boilers the latter are arranged two 
abreast athwartships, divided by two stokeholds, and are stoked 
in the fore-and-aft direction. In the compartments having four 
boilers they are arranged with backs towards the middle-line 
bulkhead, and are stoked from the wings. The installation 
provides a heating surface of 2.7 square feet per I.H.P. at the 
maximum specified power. A comparison with the first-class 
cruisers built under the Naval Defense Act shows an increase in 
both I.H.P. per ton of boilers and of machinery complete. 

The next four first-class cruisers in table II have four-cylinder 
triple-expansion engines, arranged in the same order as in Pow- 
erful and Terrible, and having cylinder ratios of 1: 2.66: 7.08. 
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The boiler installation consists of thirty Belleville boilers with 
economizers arranged athwartships in four watertight compart- 
ments. The I.H.P. per ton of machinery is slightly less than in 
Powerful and Terrible, due partly to the greater cylinder ratios 
adopted. The steam pressure employed was increased, being 
300 pounds per square inch at boilers, reduced to 250 at engines, 
as compared with 260 pounds and 210 pounds respectively in 
the Powerful and Terrible. 

The four first-class cruisers next ordered, Argonaut, etc., have 
cylinders of the same dimensions as those last described, but in 
Ariadne and Spartiate these are arranged with one low-pressure 
cylinder forward of the high-pressure, and one abaft the inter- 
mediate-pressure. The greater power is obtained at the engines 
by adopting a higher speed of revolution. They have the same 
number and arrangement of boilers but with greater heating sur- 
face. The I.H.P. per ton of machinery shows an increase due to 
the higher speed adopted. 

Referring now to the second-class cruisers, detailed in Table 
III, the nine vessels first mentioned have triple-expansion 
three-cylinder engines with cylinder-ratios of 1: 2.2:5.0. Steam 
is supplied by eight single-ended water-tank boilers, three fur- 
naces in each, with a separate combustion chamber to each fur- 
nace. The boilers are arranged in two watertight compartments, 
two abreast, back to back, with stokeholds athwartships. The 
I.H.P. per ton of machinery and boilers is less than in the average 
of the ships built under the Naval Defense Act, the boilers being 
all single-ended, as compared with three double-ended and two 
single-ended in the majority of the earlier ships. The four next- 
named vessels have three-cylinder triple-expansion engines, with 
cylinder ratios of 1 : 2.6: 6.8; and are fitted with eighteen Belle- 
ville boilers without economizers, arranged in three watertight 
compartments, the boilers being three abreast, back to back, 
with stokeholds athwartships. An increase is shown in the I.H.P. 
per ton of machinery and boilers over the nine preceding vessels, 
and also as compared with the Naval Defense Act ships. 

The third-class cruisers are shown in Table IV, and the group 
of nine vessels first occurring are supplied with fast-running 
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three-cylinder triple-expansion engines having cylinder ratios of 
I :2.59:6.93. They have eight water-tube boilers of the small- 
tube type, placed in two watertight compartments. The four 
boilers in each compartment are arranged two abreast, back to 
back, with stokeholds athwartships. Table IV clearly illustrates 
the saving in weight due to this class of machinery. A compari- 
son with the Pear/ class, built under the Naval Defense Act, shows 
that the same I.H.P., viz: 7,000, has been attained witha saving 
of weight of about 150tons. Theengines are nowall fitted with 
balance weights, and are consequently free from objectionable 
vibration. The latest vessels of the class are fitted with four- 
cylinder triple-expansion engines. 

A very numerous and interesting class of ships will next be 
dealt with, viz: the torpedo-boat destroyers, particulars of the 
trials of a large number of which are given on Table V. The 
first vessels of this class were nearly all of 27 knots speed (a few 
were of 26 knots), but subsequently a considerable number have 
been constructed of 30 knots speed and over. The engines are 
all of the triple-expansion type, with either three or four cylin- 
ders, the stroke being in the majority of cases 18 inches and 
number of revolutions 350 to 400 per minute. Water-tube boil- 
ers of various designs of small-tube type are fitted in them. The 
number of boilers in each vessel is either three or four, and at full 
power one H.P. is generally realized on about two square feet of 
heating surface. Six of the earliest vessels had locomotive boil- 
ers, but all these have proved unsatisfactory and either have been 
or are being replaced by water-tube boilers. The longest stroke 
being fitted is 21 inches, which at 400 revolutions per minute 
gives a mean piston speed of 1,400 feet per minute. The small- 
est ratio of high to low-pressure cylinder volumes fitted is 1 : 4.03 
and the largest is 1:6.18, this ratio having gradually increased in 
the later vessels. The steam pressure varies considerably, the 
maximum being 250 pounds per square inch. The machinery 
and boilers of such vessels, in order to obtain the high speeds 
necessary, have to be of the lightest possible description, and 
columns 18 to 22 of Table V show that considerable reductions 
in weight below that of ordinary machinery have been made. 
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The necessity of so reducing weight is most important, as each 
increase adds to the displacement of the ship, and thus requires 
additional power to propel it and additional coal to maintain the 
power. Such vessels are only made possible by the employ- 
ment of a high speed of revolution for the engines, and the 
adoption of dimensions which subject all the parts to the maxi- 
mum safe limit. The boilers have also to be forced toa high 
degree, and the materials adopted must be of the highest quality 
and subject to more than usually searching tests before use. The 
consequent lightening of the machinery which results is, how- 
ever, only obtained at the expense of its durability, while at the 
same time accidents in such vessels are more numerous than in 
others. Experience is now indicating the modifications neces- 
sary in order to minimize them, but the propulsion of such vessels 
at speeds of thirty knots and over must always involve the accept- 
ance of greater risks than ordinarily involved in warship machin- 
ery. In one such vessel now under construction, the Viper, Par- 
sons marine steam turbines are being fitted in conjunction with 
four shafts and eight propellers. The approaching trials of this 
vessel and experience as to the behavior and economy of the 
rotary engines will be awaited with interest. The number of 
vessels dealt with in these five tables is considerable, and indi- 
cates the large additions which, have been made to the Navy 
during the last few years. 

Number of Cylinders—Until recently the triple-expansion 
engines of large ships were invariably of the three-cylinder type, 
but in the later vessels, as will have been noted from the preced- 
ing descriptions, four-cylinder arrangements have become gen- 
eral, the low-pressure being divided into two separate cylinders. 
The first large engines so fitted in the Royal Navy were those of 
the Powerful and Terrible. Had only one low-pressure cylinder 
been fitted in these vessels for each screw, the diameter would 
have been 108 inches, an undesirably large dimension for the 
speed of revolution and piston speed, which on the contractor’s 
full-power trial averaged about 113 feet and go4 feet per-minute 
respectively. With four cylinders the twisting moments are more 
uniform, and the moving parts can be more readily arranged to 
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minimize the forces causing vibration, and thus generally a more 
smoothly-working engine is obtained. Although the over-all 
length of the engine itself is thereby increased about 15 per cent. 
and the weight of engine by about 12 per cent., the arrangement 
suits the comparatively narrow engine rooms often necessary in 
warships, especially in cruisers, and has comparatively little 
effect in increasing the length of engine rooms beyond that re- 
quired for a satisfactory arrangement of auxiliary machinery. All 
recent orders for battleships and cruisers have this four-cylinder 
arrangement specified, while many smaller vessels, such as tor- 
pedo-boat destroyers, have engines similarly constructed. 
Arrangement or Sequence of Cylinders.—With three cylinders 
the general sequence is high, intermediate and low-pressure, com- 
mencing from forward. In a few cases the arrangement, inter- 
mediate, high, low-pressure is adopted, and this, in cases where 
the crank shafts are in three interchangeable parts, gives a shorter 
engine, but it increases the lengths of the main steam and receiver 
pipes, and is not so favorable to ventilation of the engine room. 
With four-cylinder engines it is usual to place the center lines of 
each of the two end pairs of cylinders as close together as practi- 
cable, the valve gears being at the ends and the cranks of each 
pair placed at about 180 degrees apart. The forces causing vibra- 
tion are thus reduced, while the arrangement also permits a re- 
duction to be made in the length of main bearings between these 
cranks and in the number of engine columns. The arrange- 
ments now usually adopted in the Royal Navy are: 


(1) Low-pressure. Low-pressure. Intermediate. High-pressure. Forward. 
(2) Low-pressure. Intermediate. High-pressure. Low-pressure. Forward. 


There is little difference between these plans as regards over- 
all dimensions, but in the former the main steam pipes in the 
engine room and the receiver pipes are more easily arranged, 
while the latter renders the flat slide valves of the low-pressure 
cylinders more accessible. There are many other possible ar- 
rangements of these cylinders, such, for example, as the placing 
of the two low-pressure cylinders forward of the high-pressure 
and intermediate, and most of these arrangements occur either 
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in one or more English warships. Advantages of one kind or 
another are claimed for each by their advocates, but it is doubt- 
ful whether any real advantage is gained over one or other of 
the two principal plans first referred to. 

Distribution of Power between the Four Cylinders.—In some of 
the earlier designs the details were such that practically equal 
powers are developed in each cylinder, all the piston and con- 
necting rods, &c., being of the same dimensions. Lately it has 
been arranged that about one-third of the power should be de- 
veloped in each of the high-pressure and intermediate cylinders, 
and one-sixth or a little more in each of the low-pressure cylin- 
ders, and the dimensions of the working parts of the latter have 
been proportioned accordingly. 

Slide Valves.—The slide valves are placed in the same fore- 
and-aft line as the cylinders, and are worked directly from the 
shaft by ordinary link gear. Except in a few cases, piston slide 
valves have been fitted in connection with the high-pressure 
cylinders of engines working at 155 pounds per square inch and 
over; and in recent engines both the high-pressure and inter- 
mediate valves are specified of the piston type, flat valves being 
allowed on the low-pressure only. In some cases the large, flat, 
low-pressure valve in three-cylinder engines has been divided 
into two, one at the forward and one at the after side of the 
cylinder. 

Fics. 4. 


As origanally. As 


Arrangements of Cranks and Vibration.—In four-cylinder en- 
gines the shafts have been usually arranged with the two forward 
and the two after cranks at 180 degrees to each other, the for- 
ward pair being placed at go degrees to the after. The engines 
of the Powerful were so arranged, but in the sister ship Zerridble 
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the cranks were at first arranged in regular sequence of go de- 
grees to each other, the two low-pressure cranks, which were at 
the after end, being at right angles, as shown at A in Figs. 4. It 
will be interesting to compare the results obtained with these 
engines, neither of which were fitted with any balance weights. 
The sequence of the cylinders of both ships are as indicated at 
(1) above, and the cranks were purposely arranged differently, so 
that a practical comparison should be made. The crank shafts 
were in four lengths, and twelve bolts were fitted to each coup- 
ling. Thus means were provided for easily altering the angles 
between the cranks to whichever of the two arrangements was 
found on trial to be the more satisfactory, or to any other angles 
which were multiples of 30 degrees. 

The 7errible’s arrangement, although superior as regards the 
uniformity of twisting moments, was found on trial to cause 
much more vibration than the Powerful’s, and the vibration was 
greater than could be permitted when steaming at 86 revo- 
lutions up to g2 revolutions per minute. It was determined 
then to make trials and measurements of the amount of vibra- 
tion with various arrangements of cranks, the propellers being 
disconnected from the engines. This was done, and the vertical 
motion of the extreme stern of the ship was carefully measured 
by Mr. Mallock, with suitable apparatus, at various speeds of 
revolution. Calculation had been made giving the forces acting 
throughout a revolution for the setting of cranks indicated by 
‘A, B, C and D in Figs. 4, the resultant of the vertical compo- 
nents of the inertia forces due to the whole of the actual moving 
weights being found for various points in the complete revo- 
lution. The forces were then represented in the usual manner 
by a single free force acting at the center of the engines with a 
corresponding unbalanced couple. 

The result of the vibration trials is shown in the following 
table. The calculated free forces and unbalanced couples have 
their relative maximum values inserted in columns 2 and 3, the 
force and couple for setting (A) being taken as the standard for 
comparison, and being represented in each case by unity. 
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Calculated Calculated Actual vertical vibra- Actual vertical vibra- 
Setting. | maximum un- maximum tion observed, one tion observed, both 
balanced couple.) free force. engine onlyat work. engines at work. 


inches. inches. 
1.55 Not tried. 
0.80 1.7 

Not tried. Not tried. 
0.10 Not tried. 


Comparing -settings A and B—that is, the original Zerrib/e 
and Powerful arrangements—it will be seen that a substantial 
reduction in vertical motion of the stern resulted from B. Set- 
ting D gave a vertical motion hardly appreciable, and only ?- 
that of the original arrangement A. With this arrangement D, 
although the maximum free force is twelve and a half times as 
great as in arrangement A, the maximum unbalanced couple is 
only 18 per cent.,.so it is inferred that in this case the unbalanced 
couple is the more important in causing vibration. Both engines 
were then altered to setting D, and a 15,500 I.H.P. trial for 60 
hours was carried out at 94 revolutions per minute, when it was 
found that, although when tried in dock with propellers discon- 
nected there was practically no vibration, yet at sea a consider- 
able amount was reported. Besides this vibration, however, there 
were difficulties respecting the quick handling of the engines 
with the D setting, which was then abandoned, and both engines 
were altered to the arrangement marked C, at which setting, 
trials of 18,500 I.H.P. at 98 revolutions and 25,000 I.H.P. with 
108 revolutions per minute were run, and tests made at other 
powers, with the result that vibration with this arrangement of 
cranks had disappeared. 

In the smaller classes of ships, with engines running at high 
speeds of revolution, vibration of the ship is often very trouble- 
some, but is usually overcome by the addition of balance weights 
suitably arranged on the crank arms. The best position for these 
is often determined by practical tests carriéd out under steam 
with the propellers disconnected. In many vessels the cranks 
are originally arranged at angles differing from the usual right- 


a 

| 

‘ 5 | ] 
A 1.00 1.00 
B 0.64 2.48 a 
0.35 12.60 
0.18 12.50 i 

4 

| 

| 

a 

3 
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angled arrangements in order to minimize the resultant unbal- 
anced forces, and balance weights are also added, either at the 
cranks or in the form of pistons, heavier than are otherwise 
necessary. 

Induced Draft.—-Reference was made in the previous paper* 
to the trials of incuced draft in Gossamer, and a brief account 
was given of the features of the system. The fittings have since 
been installed in a sloop, the Zorch, and two first-class battle- 
ships, the Magnificent and Jilustrious. A second sloop, the A/ert, 
fitted with forced-draft fittings, but in other respects similar 
to the Zorch, was built at the same time, and has enabled com- 
parative trials of long duration to be carried out. These have 
shown no economy in favor of the induced draft, as was the 
case in the installations used with locomotive boilers, although 
the advantage of the open stokehold remains. The thirty-hours 
coal-consumption trials of Magnificent and //lustrious gave econo- 
mical results, as will be seen in Table I; but the behavior of the 
fans and fittings in these ships showed that under certain work- 
ing conditions these may become heated to an undesirable ex- 
tent. With the Belleville boiler now adopted for large vessels 
there is no necessity for much forcing of the boilers, so that the 
further development of this system of cra is not required, and 
it has not been repeated. 

Water-Tube Boilers—The type of boiler most suitable for use 
in warships, as between the water-tank or water-tube type, has 
been undoubtedly settled during the last few years in favor of 
the latter. The Sharpshooter and Speedy marked the experi- 
mental stage of the large and small-tube types of water-tube 
boilers respectively, but extended experience in these vessels 
and other considerations have now determined the general use 
of this type of boiler as a steam generator for all warships. In 
this respect the period covered by this paper marks a step in the 
development of boilers for warships even more important in its 
bearing on steam machinery than the successive changes pre- 
viously made from flue boilers to tubular-box boilers, and from 
those to the cylindrical return-tube type recently so largely em- 


: * Minutes of Proceedings Inst. C. E., vol. cxix, p. 30. 
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ployed inthe Naval service. The tables in the Appendix show 
how numerous are the forms of this latest type of boiler. 

Among the features which will determine the fitness or other- 
wise of these forms for future use in the Navy are those of weight 
and space occupied, economy and durability. In respect of these 
features the various water-tube boilers divide themselves natur- 
ally into two classes, viz: (2) those with large tubes of considerable 
thickness, and (4) those with small and thinner tubes. Careful 
consideration and experience have led to the selection, at least 
for the present, of the Belleville type of large-tube boiler for use 
in the larger classes of warships. For such ships the question 
of durability of boilers is of primary importance. As the greater 
weight of the Belleville boiler, as compared with the small-tube 
type, is associated with superior economy in coal consumption, 
in ships of large bunker capacity the excess weight in employing 
the heavier boiler is soon balanced by its smaller coal consump- 
tion, and a much larger radius of action is obtained by its use. 
The rectangular form of the Belleville and similar boilers is 
adapted to the favorable utilization of all the available space, in 
which respect they are aided by their general design, the boilers 
being readily widened or narrowed by the addition or omission 
of elements in order to suit them to the space available. 

It appears that for small vessels of high power, where ma- 
chinery weights must be reduced to the smallest limit, the small- 
tube type must be used, but where weight is available, and the 
radius of action of the vessel is of relatively greater importance, 
the more economical and more durable large-tube type of boiler 
should be employed. The Appendix shows that this has been 
the course adopted, battleships and first-class and second-class 
cruisers being fitted with large-tube boilers, and third-class 
cruisers and torpedo-boat destroyers with one or other of the 
small-tube type. 

Fitting of Economizers.—As regards the Belleville boiler, an 
important modification, securing increased economy, has taken 
place within the period covered by this paper, which may be 
briefly mentioned. This consists of the adoption of an econo- 
mizer, or second nest of smaller tubes, placed in the uptake above 


4 
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the generator nests, the amount of surface in the latter being re- 
duced at the same time. There isa space between these two nests 
which forms a combustion chamber, and into which a further 
supply of air in jets is admitted to re-ignite any unconsumed 
products of combustion. The feed water passes first through 
the economizer tubes, entering at the bottom and leaving at the 
top, whence it is conducted to the generator below. Its temper- 
ature being comparatively low, this water is enabled to absorb 
much heat from the escaping gases, which would otherwise be 
wasted. All the Belleville boilers in the Royal Navy are of this 
latter type, except the Powerful, Terrible, Sharpshooter and four 
cruisers of Arrogant class. 

In the economizer type 30 per cent. of the tubes in the lower 
or generator part is omitted, 7. ¢., there are seven pairs of tubes 
in each element instead of ten. A more scientific arrangement 
of feed water would be to admit it at the upper part of the econo- 
mizer, and let it travel downwards, but the arrangement adopted 
is convenient, and the difference in economy must be trifling. 
The gain in economy effected by the economizer type, as shown 
by careful trials made on shore, is at least 12 per cent. to 15 per 
cent. The best ratio between the surface of the generator and 
that of the economizer, having regard to the weight of the parts 
and the comparative efficiency, is not fully determined. Experi- 
ments are being made with the lower or generator part, reduced 
by 40 per cent., 7. ¢., six pairs of tubes high instead of the origi- 
nal ten, the economizer surface being correspondingly increased. 

Two other types of boiler, one of the large-tube type and one 
of intermediate type, have also been fitted for trial in two tor- 
pedo gunboats. In the Seagu// Niclausse boilers are fitted, and 
although the installation is complete, the vessel has not yet 
carried out her sea trials. In the boilers of this vessel the outer 
tubes are 3} inches in diameter. 

In the She/drake Babcock- Wilcox boilers have been fitted, and 
this vessel has carried out all her contract evaporation and sea 
trials with satisfactory results as regards economy and working 
of boilers, except that after the sea trials several tubes were found 
distorted and overheated, and those most bent were replaced. 
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This vessel is about to be commissioned for a further series of 
trials, and her performance thereon, and the lasting qualities of 
the boiler, will be observed with interest. These boilers have, 
however, tubes of only 14% inch diameter, which appears unduly 
small for ready inspection and cleaning, which would affect their 
maintenance and durability. 


| | Equivalent evapora- 
y | | tion fromandat | | 
d F | 
212 degrees F. | & 
° av 
sa 
Name of shipand 55 | ge 
type of boiler. 8 = 
3 ov 
& 
Seagull, fitted with 8 | 14.60 4.91 10.77. | 31.9 | Trials on board. 
Niclausse boilers. 8 


24.20; 7.31 9-61 | 31.9 | Trials on board. 


22.50! 5.95 12.10 | 45.7 | Trials on shore. 


Babcock and Wilcox | 15.00) | 5.29 12.70 | 36.1 | Trials on board. 
| 


Sheldrake, fitted 
boilers. 


| 25.00; 7.68 11.10 36.1 | Trials on board. 


11.05 29.6 | Trials on board. 
10.65 | 29.6 | Trials on board. 


Belleville boilers | 13-10} 4.70 
10.55 29.6 | Trials on board. 


5 
8 
8 
Sharpshooter, fitted 8 21.00 7.85 
8 
without economizers.) 8 ac 3-53 


Belleville boiler with } 
economizer. Average 
of trials of boilers of | 
many ships. J 


| 
| 
| | 
4 | 3013) 11.79 | 11.67 | 31.3 | Trials on shore. 
| 


The results of the evaporation trials with these two types of 
boilers, together with the original Belleville boilers of Sharp- 
shooter and the later economizer type of Belleville boiler, are 
shown in the preceding table, the best hand-picked Welsh coal 
being used in each case. 

Durability of Water-Tube Boilers —The experience of the last 
few years enables general conclusions to be arrived at as to the 
durability and probable life of the water-tube boilers of the large 
and small-tube types adopted in the Royal Navy. It should be 
mentioned at first, with regard to the Belleville boiler, which is 
practically the only variety of large-tube type at present in con- 
21 
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Mean results of Trials. 


Steam- 
Pressure. 


per 


Description | Number and! Diameters 
ot Type of Ratios of 
Engines. Boilers. Cylinders, 


Minute. 
Piston Speed. 
LHP. developed 

Air-Pressure 


Revolutions 


8 vessels | Vertical 
built under, inverted } 8 cylindri- 
Naval tri-com- }j cal single- 
‘Defence | pound 3- ended 
Act. cylinders 


149-0 146-0 11,500, 
150°0,147°0, 9,430 


Magnifi- 


A 
ecut . 150°5 148-0 10,333, 


6,116 


852 \154°0 1520 12,173 


now 


107-2 911 |147-0 142°0 12,554 
Majestic 100°6, 855 1143-0 137-0 10,453 
85-5, 723 |135-0,132-0) 6,094 


104°0 884 |146°0 143-0 12,974 
Renown 97°8, 831 |143-°0 140° 510, 741 
86°8, 738 |137-0.135-0, 6,204 


895 1147-0 144°0 12,203 
Victorious 98°6, 838 (146-0 144°0 10, »300) 
86 8, 738 |145-0'142-0) 6,205) 


Zrord 


Prince 
George 


101- 865 |152-0 147-012 ‘00 
} 97-2! 826 |150-0 145-0 10,465 
82: 705 |139-0,186-0) 6,216 


102: 94-21 867 |150 0.146°0 12,475 
801 |148°0 146-0 10.248 
3 691 |146- 0,143: 0, 6,198 


104-3, 886 |146 0142: O12, "483 


Jupiter. 


Mars. 833 150 0,147-010 209 
83°6 711 |139-0,137° 0, 6, 30 [Ni 


1101-9, 866 |147° 0142-0 *012,694) 4 0°7 
Cesar . | 96°5, 820 |151°0 144°010,692! 8 0-27 


705 |142- 0 6, 1328 30 | Nil 


? Combustion chimber to each pair of furnaces. 
? Induced draug’at. 


Barr. 
Name or — 
2: 
Hrs.| Ins. | Lbs Tons 
40 ins, | | 
9 ins 
103-1 876 ! 4 0°80] ..| | 
2-2 | { 96°8 823 8 16 
| | 
8 
| 30 || 
8 | .. | 1355 
mi 
4 il 3 
30 | 
roc 
30 | NEL 
| 
| 1325 
1342 
1: | 
| 
a 
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BatrLesnirs. 


Tr 


Heating Surface 
1.HP. (Mean L.HP.) 


Weight in Lbs. per 
LHP. 
(Meau 1. HP.) 


oe LHP. per Ton 
Weights. Surfaces. (Mean LAP.) 


Coal per I.HP. 
per Figur. 


I.HP. per Square Foot 
of Grate (Mean LHP.) 


Machinery 
com 
Boilers 
complete, 
Machinery 
complete. 


Square f Sauare 
Feet. 


| 
3 
4 


ao 


20,438 


no 
oo 
noe 


AAS BOS BSA NRO } 


25,320 


th & 


26,273 


24,840 


‘ows. Gar 


25,750 


or 


24,400 


| 24,94 


- 


COND BHO DEO 


24,690 


on 


ASa SAS SSH OMe ATS 


AGH SHS DUD HAD 


3 Combustion chamber to each furnace. 


a | 
| | 3 | 
2 | | 746 | | | 
| 
20) 1337 | 821 | 2 
| 1352 | 726 | 793 | 
| | 
1354 | 71 | 820 | 
| 1326 | 703| 920! 
| 0s | 820 | 
| 
| i | 
1328 | 694 | | | 
1342 | 708 | 821 24,800 | 
| 
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Mean results of Trials. 


Steam- 
Number and| Diameters 
Type of j|and Ratios of 
Boilers. | Cylinders. 


Piston Speed. 


I.HP. developed 
Ai-rPressure. 
Coal per 1. HP. 
per Hour. 


Revolutions per 


3-cylinders) 


Illustrious 


Aver 
of battle- 
ships 
after 
Naval 
Defence 
Act- 


30 ins 
20 Belle- 
(6 ships) econo- 1:27. 
misers 1 


For- 
midable 
and 
Bulwark 
(6 ships) 


' Combustion chamber to each pair of furnaces. 

* As specified. 

* Boilers—generators : fifteen of nine and five of eight elements of seven stages; 
7? Boilers—generators : fifteen of ten and five of nine elements of seven stages; 


Taste L— parr 
Name or | Description Ye 
Class. 
Engines. 
Ins. Hrs.| Ins. | Toni 
|) 59 108-3] | 148 [2,176 4 (0-67 
Hannibal tri-com- |} |) ing’: 97°5| $29 | 153 10,361] g (0-26 | .. 
ins. 8 829 | 158 {149 |10,361| g (0-26 | .. 1,3 
ended 1:2°2 83-7) 711 | 146 |141 | 6,142) go | Nil 
4:8 
99°5| 846 | 152 |151 [12,126] 4 |1-96% .. | 
» 96°5| 820 | 147 [145 [10,241 g |1 60% |. 1,3 
83 706 | 142 |140 | 6,155) 30 | Nil i | 
103-0, 875 | 149 [145 |12,414) 4 (2-40 
” ” 4 3)| 97°3, 827 | 148 |144 (0-27 2-25 1,3 
| 712 | 140 |138 | 6,170, 30 | Nil Ie 
’ 
| 314 ins, 
514 ine. 
15,000) 8]... | .. 1,4 
Be 3 {108-04 300250 - } 
| 
3 
econo! 
econo! 


Coal per I. HP. 
per Hour. 
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BaTTLESHIPS—continued. 


Weight in Lbs. per 


Weights. .HP. 
(Mean I.HP.) 


Heating Surface pe 
LHP. (Mean 1.HP.) 


Machinery 
complete. 


} 1,290¢ 


} 1,408 


* Induced draught—omitted from average. 
* Calculated from specified particulars. 
economisers: ten of seven and ten of six elements of ten st: 
economisers : fifteen of eight and five of seven elements of nine stages. 


+ 
ge Fi 
H ji 
8 = Se a | 
= Tons. | Tons, = q 
9-1 | 16°9 | 113] 182] 245] 14-8 | 2-1 
1,338 | 721 | 821 | 25,320 |) 7-8 | | 132] 156] | 2-4 
4°6 8°5 | 223| 263) 486) 7°5 | 4:1 
| 9:1 | | 112] 247] 148 | 2-13 4 
1,888 | 732 | 820 25.900 7-7 | 14:0 | 160] 292/12°5 | 2°5 | 
4°6 84 | 221| 266| 487] 7°5 | 4:2 
2°40 | 1771 | 111] 181] 242/152 | 2-0 a 
2-25) 1,341 | 724 | 817 | 25,233 7-8 | | 132| 288/12-7 | 2-4 
46 | 85 225| 261| 486] 7:5 | 4:1 
-55 | 21-75 | 1085 214%) 12-95 | 62-58 
| | |1,050 | 33,770 { 166° | 279+ 9-88 | | 
| { 
-75 | 22-25 | 108%) 1015 2095, 12-85 | 52-5" 
| | 675° 1,170 37,120 |{ 1425 1315) 2735| 9°85 | 
ages; 
ages; 
| 
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Tasre 


Description 
of 


Engines. 


Number and 
Type of 
Boilers. 


Diameters 
and Ratios 
of Cylinders. 


Mean Results of Trials. 


Revolutions. 


Steam 
Pressure. 


Piston Speed. 


| 


n-( Hours) 
Cval per LHP. 
per Hour. 


1.HP. developed 
(Mean). 
Air-Pressure. 


| Duratio: 


Edgar 
Class 


Vertical 
triple- 

expansion 

3-cy linder 


40 ins., 


| 


FtIn 
59 ins., 
88 ins. }'4 


See |, 
Foot- 
note (') | 

| 


74°84 


1102-7 | 923 


99°1 


2°3150°0146°6 


Powerful 


Terrible . 


Vertical 
triple- 
expansion 
4-cylinder 
4-crank 


48 of Belle- 
ville type, 
without 
econos 
mizers 


45 ins., 
70 ius., 

2 of 76 ins.) 
ij 


Average for 30 hours at 5,000 LHP. | 
30 18,000 LHP. 102°75 
22,000 LHP. 109-2 


” 
” 


4 


4 full power . 


65°8 


113-2 


537-6 225°0.180°0 
822 


876°8 237°0,197°0 


4 232°0'196-0) 


| 


— | 


10,517 
‘12,851 


{ 


| Boxes. 
5.04430 0°30 
18,45930 0-41 
22,725) 4 0°34 


915°2 4 (0°83 


515-2 5,073 30 0-20 
512-0° 217-03] .. | 5,084°.604) .. 
821-6 30 0-3 
4 0°3 
896 0197-0 25,648, 4 


~ 


822-0 227°5)197°5 18,479 30 
873°6 231°0.196°5 22,547 4 |0 
905°6 243-0 202-025 ,774 4 


2 
1 
2 
12° 
2 


set 


| 


Andro- 
meda 


Diadem . 


Europa . 


Niobe . 


Vertical of Belle-; 34 ins., 


triple. 
expansion 
4-cylinder 
4-crank 


ville type,| 553ins,]}! 
fitted with 2 of 64 ins.) 4 0 
econo- 1: 2°66} 
27°08 Jj 
40 


40 


Average for 30 hours at 
3 


3,300 HP. . 
12.500 HP... 
full power . 


8 


69°2 
107°1 
67°2 
107°6 
119°1 


65°4 


| 


103°8 
112°5 


70°1 
107°5 
117°5 
67°9 
106°5 


| 
553-6 197°0.162°0! 3,388 30 |0°25 
856-8 266-0 215°012,621 30 |0-30 
940-0 286-0230°016,751) 8 30 


537-6 265°0 202-0 3,31830 \0°24 
860°8 280°0 245°012,81330 )0°35 
952°8 291°0 249°017,262 8 0°45 


523°2 212-0 132-0) 3,302'30 0°25 

830° 4 265-0 239°0 12,739 30 0°30 

900-0 279°0 232°0.17,010 8 0°32 
| 

560°8 200°0146°0 3,348 30 0°28 

860-0 258°0 220-0 12,968 30 |0°20 

940-0 290-0 236°016,822 8 |0°15 


22 


= => 


—— 


543°8 218°5160°5 3,33930 0° 255 
852-0 267-0 230-0 12,785 30 0-287 


116°6 


933° 2 286°5 236°7 16,961) 8 0°305 


ive ships have four double-ended return-tubc and one single-ended boiler; four ships have 
oal cousumption, ou this trial high, due to irregular stoking and some mechanical defects 


| | | 
complete. 2 


| 


gi: 
— — 
| 
| 
4 09 2,2 
| | | 
| 526-4 .216°51171°0, 5,058'30 
| | 
| | | 
| | | 
| ” ” ”» 4 | I | 1,5 
| = | 
| 1 
— 
| 


| 


Cval per LHP. 


== 
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Ciass CRUISERS. 
Weight in Lbs. per 4 A 
I.HP. per Ton LHP. = 
(Mean LHP.) (Mean LHP.) 
33 | 
: bs ke | 
| 22 | 38 
23 = a 
= 


67,800 
67,800 
67,800 


3) 


1,148/ 2,200 | 67,800 
2/200 | 67;800 
2°200 | 67,800 


2: 
1 
2 
2 


67,800 
2/200 | 67,800 
12,200 | 67,800 


SSR 


Se 


765)'1,450 | 42,270 
42,270 


des 40,550 
40,550 


33° 82° 


yw 


40,604 
40,604 


_ 


1,568 ‘1,441 | 40,538 
40,538 


1,540 160 | 40,990 
1460 | 40,990 


eight single-ended return-tube boilers. 
which were afterwards made good. 


q 
| Square | Square 
| Feet. Feet. | 
1,161 | 646 | 812| 24,908} 9-0 | 16-2 | 111] 198] 249] 12-9 | 2-3 
| 646 | 24,908} 11-1 | 20-1 | 91] 111 | 202] 15-2 | 1°9 
2,200 | 8-26 | 15°85| 130] 271] 8-39 
2,235 | 10-16 | 19°51} 106] 115 | 221 | 10-33 
28 | 2,200 11:58 | 22-24] 93| 101} 194] 11-77 
| | 10°05] 19°48] 108] 115| 223 | 10-16 
| 11-52 | 22-33} 100] 195 | 11-65 
1-96 | 10°10] 19°49| 107} 115] 222 | 10-24 
| 11-55 | 22-28] 94] 100] 194 | 11-71 
8:33 | 16-50] 133| 136] 269| 8-70 
11:05 | 21-90} 101 | 102} 203 | 11-55 
| 1,512 8:47 | 17°12] 134| 131] 265 3°16 
| 11°41 | 23-06} 100| 197] 2°34 
os ee oo ee ee j 
782!'1,469 8:14| 16:27] 138] 138| 276 3°18 
| ‘1,469 10°87 | 21-73 | 103| 103| 206 2°38 
| 8-27| 16°76| 137] 134| 271 3°12 
10°73 | 21°74| 106| 2°41 
| 11-01 22-11 | 103} 101] 204} 1 2°41 | a 
ave 
ects * Trial made at sea. a 
: 
a 
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” 
” 


natural draught . 
30 hours’ coal consumption 116°4 756-6 142°0,139°0, 4901-0 30 


1185-4 880°1 150-0 147-0, 8307-3 8 | 


r Twenty-one vessels have three double-ended and two single-ended boilers, and eight vessels 
*, Nineteen vessels have cylinders 33} inches, 49 inches and 74 iuches ; ratios, 1 ; 2°18; 4°88 
* Average of six ships. 


“Nil 


TasLe (1ass Cr 
Mean results of Trials. | 
Descri Number and! Diameters | j 
of “Type of and Ratios of 2 | — 
2) 2] 2) ce 
Ft. 
Apollo | Vertical Ft.In 
and 3-cylinder || See foot- | See foot- 3 3{ 130°8 850 2'145-0,141-0) 7423 0 8 | 0:3 148 
Astrea triple- note (') | note (7) 140°0,.910 9271°0, 4 | 1°0 748 
classes expansion | | 
Twin- 8 33 ins., | 
49 ins., 146 0) 9875-0) 4 | 1°29) .. | 
Diana tinder! ended, 7 ins; 3) '136-3885-9 145-0142-0) 8252-0, 8 0-462°25 897 
triple- return- | | 
expension| tahe 144° 1/936 6150-0,146-0) 9863-0) 4 | 0°75) .. | 
Dido . » {8 811364886 6150-0145 0} 8339 0, 8 | ojo 
148-5 
Doris . 81139-8908 8425-0, 8 | 0°45) .. | |! 
0| 9870-0) 4 | 0-94 «| | 
Eclipse . 8 8236-0) 8 | 0°39.2° 
0} 4855-030 | .. | 
| 
Isis. 3 3136-1 884-6149 0147-0) 8208-0 8 0-412" on 
149-3 970-4 9808-0, 4 | 0-92 
Juno . » 82 8317-0 8 | 0°42) .. | 
| 
| | 
187-6 894-4 152-0 149-0) 9902-0 4 | 
Minerva 3 3) 127-9 831-3151-0 149-0, 8216-0 8 0-272°10 
| | 
( 189°5 906-7 149-0.144-0, 9841-0 4 | 1 06) 
Talbot . 3 3) 132-0858-0 147-0 142-0 8569 0, 8 | 0-41) -. 
146-1949°6 145-0.143-0 9744-0 4 | 1°34). 
jVenus . » 8. 136-9'889-8 153-0150-0, 8204-0 8 | 0°452° 
4876°030 | .. 
Average for foreed draught . . 144°2937°3151-0147-0 9846-7 4 | 1°06, | 


| 
| 
have eig 
i The ren 
bed 
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CRUISERS. 


I.HP. per Ton Weight in Lbs. per 
Weights. (Mean LHP.). LHP’ (Mean 


LHP. per Square Foot 

of Grate (Mean LHP.) 
Heating Surface per 
L.HP. (Mean I.HP.) 


Machinery 
complete 
Machinery 
complete 


Square 
Feet. 
15,641 
15,641 


18°12 
15°14 
9°03 


17°92 
15°15 
8°95 


18°15 
15°48 
9°06 


18°00 
15°02 
8°86 
17°90 
14°93 
8°97 


8 


one 


WHR Wo 


18°02 
15°28 
8°92 


17°75 
14°73 
‘8°83 


18°12 
15°78 

9°04 
17°74 


623-0 14°94 
‘ 8°88 


623-8 | 185-79 | 10- 17°97 
15-16 | 99 
8°95 |; 168 


have eight single-ended return-tube boilers. 
remainder have cylinders 33 inches, 49 inches and 74 inches; ratios, 1 : 2°25; 5°03. 


| 
| 
} | 
q 
| | “Square 
Feet. 
«| | 434-4 | 575-0 9-92 |17-0 | 94 | 132] 226]12-9 | 2-1 
748 | 434-4 | 575°0 21°3 76 | 105| 181/161 | 1:7 
| {| 10-99 81 | 123] 204 | 15-94 | 
"25 |! | 545-0 | 619-5 | 18,484)| 9°19 96 | 148 | 244 | 13°32 
| || 5-48 wi | 248| 409| 7-94 
| | {| 10-81 s2 | 125| 207 | 15-75 
“% 912 | 550-0 | 626-0 | 18,652'| 9-14 97 | 148| 245 | 13-32 
5-40 165 | 250] 415 | 7°86 
10-90 83 | 123] 206 | 16-61 
594-0 | 18,440)| 9-29 96 | 145] 241 | 14-18 
| | 5-44 165 | 412| 8-30 
{| 10-71 85 | 209 | 15-49 
921 | 548-0 637-0 | 18,667/| 8-94 102 | 149| 251 | 12-92 
5-27 172 | 253| 425| 7-62 
| {| 10-80 82 | 125| 207] 15-71 | 1-89 
“ay | 550-0 | 626-0 | 18,652/| 9-01 99 | 150] 249] 13-11 | 2-27 
| || 5-41 165 | 250| 415| 7-86| 3-78 
$ | 
| 10°82 83 | 124] 16-51] 1°88 | 
“oe 906 | 544-0 | 594-0 | 18,440)! 9-17 98 | 146] 244| 14-00} 2-21 
a | | | 5.36 166 | 252} 418| 8-17| 3°79 | 
| 10°55 se | 126] 212| 15-25} 1-88 
558-0 | 649-2 | 18,696!| 8-76 104 | 256 | 12-65 | 2-27 
| | 5°25 173 | 254 | 427] 7°58] 3-80 
me 10°46 91 | 123] 15-23| 1-89 
| 
} | 513-0 646-0 | 18,696; 9-11 104 | 142| 246 | 13-26| 2-18 
| 5-21 is2 | 248| 430| 7:59| 3-81 
| 10-78 | sz | 208] 15-64| 1-89 
60) 549-0 97 247 | 13°16 | 2°25 
| 164 | $52] 416| 7:82] 3-79 
18 95 | 548-0 | 124 | 208 | 15-79 | 1-88 
148 | 247 | 13°32 | 2-23 
250 | 419| 7°86] 3-78 
aa 
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TasLe 


Description 
of 


Engines. 


Diameters 
and Ratios of 
Cylinders. 


Mean Results of Trials. 


Revolutions, 


LHP. Devel 
(Meany 


| Englnes, 


per Hour. 


Air-Pressure. 


{der triple- 


Vertical 
3-cylin- 


expan- 
sion 


4, 
double- 
ended ; 


furnace. 


30} ins., 
45 ins, 
68 ins. 
1:3 17: 
4°97 


2 9 


\Ft. per 
Min. 


'141-0,775°5 
160-0 880-0 


146 5,016 
146 .7,469 


Pegasus . 
Pelorus . 
Perseus! 


Pomone° 
Proserpine 


Prome- 
theus* 


Psyche 


Pyramus* 


Vertical 
3-cylin- 


der triple-; 


expan- 
sion’ 


” 


8 Ble- 
chynden 


8 Reed 


8 Thor- 
nycroft 


} 


{ettynden 


8 Thor- 
bycroft 


8 Reed 


8 Normand) 


203 ins., 
33 ins., 
54 ins. 
1:2°59: 
6°93 


Average for 30 


” 


8 
4 


hours at 
” 


| 


(23 


3,500 HP.’ 
5,000 HP. . | 


3{| 
220°0° 


172 8777-6 
197°7 889°6 
213-8 962-1 


| 

8 
203°2 914-4 
217°7:979-6 
217°2977°4 
‘195-8 881-1 
220 07 990 0° 


1175-6 709-2 
200-9'904-0 
220°3'991-6) 
194-2873-9 
221-6 997°2 
990-0° 
768°4 
980°1 


170-7 


990°0" 


236. 
2538 
full power® . 253 


206 3,631 
248 5,428 
247 


237 3,698 
239 5,400 
220 7,127 
197 3,559 
200 5,379 
223 7,094 
211 3,627 
231 '5,243 
250*7,000° 
244 3,600 
219 '5,541 
243 7,340 


210 3,644 
243 '5,336 
247 |7,145 

. '3,500° 
5,0005 
25057 ,000° 


|3.5008 
.. '5,0005 
250°7,000° 
217 3,628 
230° 5,348" 


= 
a 


| 
bo 


coo 


mo 


POS 


236 (7,152 


Coal per I. HP. 


| 


oO 
© 
SE 


1 Full-power trial has not yct taken place. 
* Particulars for full power are from specification. 
Calculated from specified LHP. 


* Vessel not yet tried. 


Particulars are from specification. 


| | | 
Q 
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| 
No. and | $ | 
= a 
| | = | 
| | | | 
| | | 224 2445 
261 | 
: 255 | i | 
249 | = | 
| ses | 
204 | | 
| 247 | 0-87 | 
23 225 | | 
252 | 2-77} | 
} 1409 | 
232 | 053 24 
” { | ” 23 257 | | 0-94 2 47 
260 | $1 
45 . 360 5 
215 | 215 3,637 | 30 0-40 23) |” 
240 | 235 7,006 | 4 3-7 | «| | 
[.220-0° 300° 44 
| 30 0-64 2:2 | 
” ” ” i | 
| 
* Ca 
* Ay 
Me 
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(Ciass CRUISERS. 


Weight in Lbs. per 1. HP. 
Weights. | Surfaces. Meat. (Mean LHP.) 


per Hour. 
I.HP. per Square Foot 


of Grate (Mean I.HP.). 
Heating Surface per 
1.HP. (Mean LHP). 


Complete. 
Boilers 
Complele. 


Machinery 


Heating. 


| Coal per I. HP. 


Square 
Feet. 


@ 


410°0 | 11,025 16:0 
410-0 | 11,025 23°8 


coo 


ane 


10°41 
15°52 
20°59 
10°27 
15-00 
19°79 
10°16 


349°7 | 17,504 | 9°48 | 19-41 
28°91 
38°36 
360°0 | 18,876 | 9°78 | 19-98 
29°15 
we 38-48 
3500 | 15,856 | 9°34 | 21-06 
is 31°79 15°37 
¥ | 41°92 20°26 
165 353-0 | 17,760 | 9°93 | 21-98 (123° 10°27 
| 31°77 | 85° 14°85 


> OD 
See SS5 


ano ooo 


. 42°42?| 64° 19°83? 
| 32°60 *| 76°0°| 69- | 15°80 


172 348-75, 20,508 21°18 10°47 
41°56 | 74:5 5 20°48 
360 *| 156 353-0 | 17,760 22°43 * 120-0 |100° 9°91 
32°05 *| 91°0°| 70- 14°16 
44°87 | 65°0°| 50° 19°83 
360* 165 5 1350-0 | 20,508 22°00 * 120-0 * 10°40 
80°90 * | 85°0°| 73: 14°55 
42°46 ° | 62-0°) 53° 20°01 
360-0 | 18,876 22-01 © 128-0 |102- 9°72 
31°44 ° | 89-0°| 72: 51 13°90 | 
44-02 °| | 51- 19°44 


352°3 | 18,100 ‘4 20°95 


. 


126-0 33 | 10°32 | 


30°88 7| 85-47| 72-6 15°207 
40°99 | 63°5 20°35 | 


d Calculated from specified particulars. : ? Average for seyen ships. 
: Average for six ships. Coal per LHP. for three ships only. * Average for six ships. 
Mean results of Pomone’s and Psyche’s trials are based on preliminary reports only. 


3 
| | | a 
| | = 
| 539. | 314 140°0 | 240 | 12-2 | 2-1 
| 539 | 314 | | | | 1-47 
ong 388 4°82 
3°22 
tel 2°43 
| 
| 
taken 2 64 
2°20 | 382 | 4 45 
| 2-94 
296 
| 360°! 1705 | 4:87 
245, 
2°39 
241 3°84 
316 2°87 
5:07 
3) 3°55 
2°54 
5°64 
4-02 
2°93 
5°39 
3°77 
2°69 
—| | 383 | 176 5-06. 
| 176 5:06 
178 | -- | 18°92 | 2°58 
| 
ation. 
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Taste V—Tonrrepo. 


i | | | 


| 


| | Mean Results of Trials. 
| Steam- } | 
Name of Description amber and: Dismeters | $ | | ¢& | 
Cisse and Type of ‘and Ratiosofj | 2s Lal. 
Number | | | a 2 
of Ships. Engines. Boilers. Cylinders, a | 32 | | 3 | 3 
1s | 2 ! A 
'(4-cylinder { 27 | 
triple- | croft’s 871°4 9904196 193 4208-9 3 3-37 .. 07 
Daring, expan- ins "(127-9 341-0195 192 221- 0 8 nil 2 660 9 
\ | 
(3-cylinder 
| '350°3 1077-9160 155 3197-0 3 3-66 .. 96: 
expan- 2No. |) 1:2°08: 139° 417°8114105, 212-0. 8 nil 2°56 10% 
| sion 4°81 | | | 
water : 18 392: 169 161 3881-0 3 '1-6 276 
u 
(20 ins., | 
mand’s {291 306-0 1098 .. 4484-0 4-1! .. 
382-5 108). 958-0] 8 | nil 2°3 10: 
Atu e 4 No. | | 
Ardent, } triple- croft’s {27 in 16{ 1 204200 4368-6 8 '2°873-49 98° 
3 expan- rhe 1:2°019: { 7 452°5.180180 499°0,12 | nil. 1-53 
sion tube3No., 
4:03 
Charger, triple- | 305° 0 1095-0 181 157 3158-0. 3 
3 | expan- i} "2 No, | 1: 507° .. | 398-012 2" 17/12" 
| 
'( Thorny- | | | 
croft’s 1116-0204 1823922'8 3'28° .. 
Dasher | water. 18{ 525-0170167, 414-9 
i(tube 4 No. | | 
| 18 ins, | 
Reed’s | 273 ins., 6 1096: 0 3 2: 39 3°15 27°88 
water- 42ins. | |0 to 


(a) To be re-boilered with Yarrow’s water-tube type. 
(b) Of the three veasels of Charger class Dasher has been re-boilered 


with Thornycroft’s 


poat D 


Machinery 
complete. 


| Ts 


123° 


116: 


; 
| Wi 
| 
| 
| 108° 
| 
ep 
| 
94° 
90°: 
| 
} 
| 
108: 
| 
| 101: 
| 
| 99: 
ee 
water- 
teduce 
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poat DESTROYERS. 


/ 


LHP. per Ton 


Weight in Lhe. per 
(Mean LHP.). 


LHP. (Mean LIU?.). 


Mean Power). 
pec Square Inch, 


Heating Surface per 


Low! on Safety Valves 


Boilers 
complete. 


Evgines. 


LAP. per Square Foot 
LHP. 


of Grate (Mean Power). 


Machinery 
complete 
complete. 

Heating 

Machinecy 

complete 


| 


3 


| 


or 
: 


| 
| 


189-0 | 40°: 8 | 2°23 210 


| 


2°16 (230 


| 
| 
| 


| 116-2 | 70-6 209-24, 10,164 | 


| 


water-tube type and tried with results a8 af (c). Load on safety-walves 230 lbs per square inch, 
reduced at engines to 180 ]bs. The Charger and Hasty are also to be re-boilered with similar boilers. 


q 

329 q 

| 

Bars 

| 108-2 | 8,892} 38:3 | 75-0 | 28 | 30 | 58 | 22-2) 2-31 210 

| | 

| | | 

{ | | 

26° 94°0 | |100°0 | 4,656 | 37-2 60-0 23 37. | | 34°97) 1°33 (a) 

| | { 

27°6 90°6 | 49°0 154-4 | 8,216 | 42-8 | 24 | 2R | 52 | | 2-01 ie 

| | | 

27°95 123-2 | 64:2 1149-8 | &,800| 36:3 ; 69-7 | 30 | 32 | 62 | 20-9] 1-96 1175 4 

| 

| 

13°0 | . 

| | | a 

| 

26°11] 101-7 | 63-0 100-0 | 4,732! 31-0 | 50-0 | 27 | 45 | 72 | 31°58 4-49 

| 99°9 | 59°3 173-3 | 39-2 | 66-0 | 23 | 34 | 57 | 22-6 

| | | | 67 | 185) 261 210 

4 
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(c) Continu- 
ous. 


Feet. Feet. 
(a) 
(b) 10,000}/43°5 x 46-0\(b) 0°200) 79°5x45°5 |(b) 0°362 0°562, 
(ec) 6,000) 


(a) 9,600 
(b) 0°200| 91-0x33-8 |(b) 0-385 0-585, 
(ce) 4,800 


(a) 13,000 
153 40°01) 0-196] 76°0x 40-0 \(b) 0-340, 


(ce) 5,400 


(a) 12,000 
10,000 93°5 x 37:0 |(6) 0°345 


(c) 6,000 


260(\(@)_ ‘0x 28- 0-02 

(c) 18,000]| auxiliary 0-123 

jmachinery.| —— 


48-0 x 85°5|(b) 0-171| 101-0x31°0 |(b) 0° 


(b) 5,000}/87-8 34-0\(b) 0-257 80-0x 24-0 |(6) 0-384\6) 0° 
3,500 


fa) 66-0 x 36-0 


18,000 x 43: 0-132{ 66°0x 89 5} 0-267(0) 0° 


(ce) 13,500 65°0x 34 5 


oe 
(b) 13,500}|44-0x 46-0.(b) 0-150] 84-0x43-25|(b) 0-270\(b) 


pus 1 
(c) 10,250 | | | 


Separate auxiliary machinery room. Evaporator and dynamo 


Pres- LHP. Floor Space. | Welg 
sure. 
: — (a) Full Engine Room. Boiler Rooms. 
= Mean 4 
1 2 3 4 5 6 7 8 9 
; | Tons. 
155}| 
jestic? | 3 
155 
Venus 278 
Royal 
i (0) 0° 397 
Crescent 365 
| Powers 
al (6)0 4 799 
B 
| 
Arrogant (b) 10,000 484) 
7,000 
C Pelorus 640, 
164 
Diadem 52 
D\ Argonaut 
| } 592 
440: 
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VL 


Weight of Machinery (Main) excluding Auxiliaries and 
Propellers, &c. 


16 


Per Minute. 


(6) 259 100 


(6) 231 140 


(b) 247 


(b) 226 


176 


(b) 168 


| | 734 


tot stowed in engine room. 


a 
Piston Revol 3 
Per I.HP. | ome. | 
uare Engine Boi Total 
Room. | Rooms. | Engine Boiler Lue. 
9 10 11 12 13 14 15 
F 4 4 
| Tons. Tons, Lbs. Lbs. Lbs. | Inches. | 4 
443 721 98 161 
os | | | 15s 
397 595 99 148 | 918 51 108 a 
365 644 82 144 Fe 850 51 100 : 
‘ 79 | 1156 72 | 10¢ | | sso 48 | 10 . 
288 462 65 103 910 39 140 
640 
|| tt 175 74 7 | 158 990 27 220 = 
| 590 | 766 79 104 (b) 183 | 880 48 110 q 
592 794 74 99 (by 178 960 48 120 = a 
| 104¢ 1774 | 9184 51 108 
Auxiliary. * Estimated, - 
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siderable use, that in the generator portion the pairs of tubes next 
the fire are $ inch and the pairs next above ;%, inch thick, while 
the upper and more numerous tubes are 0.192 inch thick. In 
the small-tube type, however, the thickness in most cases is 0.104 
inch, but has been recently increased to 0.128 inch in the rows 
next the fire and 0.116 inch inthe others. The ratio of the thick- 
nesses, 7. ¢., 92, is probably a rough approximation to the com- 
parative durability of the tubes in the absence of special causes 
of corrosion. In the Belleville boiler experience has shown that 
the life of the boiler tubes will not be less than two commissions. 
Occasionally tubes are met with in which local pitting proceeds 
rapidly and causes early failure, while if by shortness of water or 
accumulation of salt or grease overheating and burning occur, 
the failure of particular tubes will be rapid. As a general rule, 
however, the life of the tubes will probably not be less than 
above stated. 

As regards the small-tube boiler, of which so many are fitted 
in torpedo-boat destroyers and the smaller cruisers, experience 
shows that the conditions are not so favorable. The hard forcing 
to which they are subject, the difficulty of thoroughly cleaning 
them, and their comparative thinness, etc., renders their life un- 
der present conditions of preservation and service much shorter. 

Corrosion.—Zinc slabs in all varieties of water-tube boilers still 
prove themselves effective in arresting much corrosion that would 
otherwise take place, the slabs being acted on freely when fresh 
water and even distilled water only is used for make up. At- 
tention to them and improvement of the details of attachment so 
as to secure more effective contact, has arrested many cases of 
corrosion. Owing to the construction of water-tube boilers, the 
preservative effects of zinc cannot be realized to the same extent 
as in the water-tank boilers, and much of the tube surface in the 
former boilers must from the nature of the case be more or less 
remote from the sphere of preservative action of the zinc slabs, 
even when they are distributed in the best practicable manner. 

The parts of the boiler adjacent to the feed-water inlet are par- 
ticularly liable to corrosion, especially if the fittings be such that 
the feed water is directed on to a small area. This corrosion 
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appears to be due to the air and other gases liberated from the 
feed water when heated attaching themselves to the adjacent 
parts of the boiler and causing decay. Corrosion of this nature 
is apparently not arrested by increasing the zinc protection, and 
requires special treatment according to the circumstances of the 
case. The general distribution of the feed amongst a consider- 
able quantity of water before it reaches the temperature of the 
surrounding water largely prevents local action in water-tank 
boilers; but in the water-tube boilers, as the feed-water is gene- 
rally discharged in a small chamber containing a limited quantity 
of water, its temperature is rapidly raised with only a small sur- 
face from which the liberated gases can escape, and the tendency 
to concentrated local action on the adjoining plates and tubes is 
proportionately increased. The advantage of using distilled 
water is obvious, as it contains much less air and dissolved gases 
than the ordinary fresh water obtained from shore. In the case 
of the small-tube boilers distilled water has another advantage in 
its freedom from lime salts which are contained in much fresh 
water obtained from the shore; the frequent use of shore water 
of this character has been found to produce lime deposits in the 
tube, which obstruct the circulation, retard the passage of heat 
and shorten the life of the tube. Several cases have occurred in 
which the corrosion has been attributed to the use of consider- 
able quantities of shore water with restricted arrangements for 
getting rid of air. 

In the economizer type of Belleville boiler the feed water, 
with its air and impurities, is first discharged through the econo- 
mizer tubes, and to minimize corrosion due to this cause the 
interiors of the economizer tubes are coated with a wash of lime. 
In the later examples the economizer tubes are galvanized on 
the inside and outside to prevent corrosion. As the temperature 
of the water inside them, as well as the gases outside, is moderate, 
the objections to internal galvanizing which apply to the lower 
or generator portion do not hold in the case of the economizer 
tubes. 

A number of cases have occurred with water-tube boilers, es- 
pecially of the small-tube types, of damage through the bursting 

22 
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of tubes. Omitting cases where the tubes were of copper, and 
the special case of the Arie/, where a fatal accident occurred 
owing to a tube being improperly secured in the tube plate, none 
of these have been attended with injury to any person or to any 
part of the vessel except the tubes of the boiler; and, speaking 
generally, their cause is attributable to overheating of tube 
caused by impeded circulation due to obstruction or dirt in the 
tube. 

To prevent these failures the practice of carefully searching all 
the tubes periodically with a brush or other solid instrument 
has been established. A careful examination of the boilers of 
vessels in which such failures occurred revealed in some instances 
tubes in which there was a slight increase of diameter at a par- 
ticular part, and it has been noticed by observation of such cases 
that the tube has ultimately failed by bursting or splitting. This 
has suggested the further precaution of a careful examination 
of all accessible tubes by gaging them on the outside and then 
cleaning them internally, and in some cases renewing at once 
any that show signs of increase of diameter. It is anticipated 
that with these precautions bursting of boiler tubes will become 
rare, as with the precautions mentioned they recently have been 
less frequent. 

Influence of Steam Pressure on Weight and Space—The pre- 
ceding tables show that a considerably increased steam pressure 
has been used in recent warships, and it was predicted that 
troubles of various kinds would in consequence be met with 
which would be difficult to overcome, and which would seri- 
ously impair the efficiency of the machinery. Such experience 
has now been obtained with a boiler pressure of 300 pounds per 
square inch, and an engine pressure of 250 pounds, and it can 
be said that no difficulty has been experienced; and the main- 
tenance of the high-pressure machinery in efficient condition is 
hardly more difficult than with the 150 pounds per square inch 
prevalent for so many years. The objects aimed at in making 
these considerable advances in steam pressure were to secure 
reduction in the weight and space occupied by the propelling 
machinery, and further to improve the economy of the engines. 


| 
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of very high powers when working at low powers by enabling 
such powers to be developed in a smaller engine. 

As regards weight and space, Table No. VI clearly shows the 
results. The group of vessels of various classes marked A have 
all water-tank boilers, and steam pressure of 155 pounds and 150 
pounds per square inch at the boilers and engines respectively. 
Those of group B have Belleville boilers without economizers, 
but with higher steam pressures. Group C represents the third- 
class cruisers with water-tube boilers of small-tube type and 
high steam pressure, while group D represents the most modern 
arrangement for large ships having Belleville boilers with econ- 
omizers. Omitting C from the comparison, as it is of special 
type, it will be seen by comparing the figures in columns 5, 7 
and 8 that a substantial reduction has taken place in the space 
occupied, while column 13 shows a similar reduction in weight. 
It is not advanced that the comparative figures given in this 
table are more than approximate, but as regards weight and 
space they indicate sufficiently the results attained. 


| 
| 
| 
| 
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THE ENDURANCE OF THE ORDINARY COPPER 
ALLOYS IN SEA WATER. 


By Torpepo-CHIEF ENGINEER DIEGEL. TRANSLATED BY EMIL 
TueElss, U. S. Navy. 


[Abstract of an article on the above subject contained in the November issue of 
“ Marine-Rundschau.”’] 


I. ALLOYS IN GENERAL AND ENDURANCE OF COPPER ALLOYS. 


The word “alloy” is generally used to designate the combina- 
tion of two or more metals or of metals and metalloids. The 
word, however, gives no indication of the nature of an alloy, nor 
has its true nature been scientifically established. Many main- 
tain that an alloy is a mixture formed by the fusion of several 


metals, others regard it as a solution of metals in one another, or 
of metalloids in metals; for example, zinc or tin dissolved in cop- 
per, carbon in iron, etc. Others are of the opinion that an alloy 
must be considered as the solution of one or more chemical com- 
binations in metals. It is assumed in the latter case that the 
chemical combinations, proceeding according to certain weight 
ratios in accordance with the atomic weights, are formed and 
dissolved in the surplus metal. Chemists, however, make an 
exception in the case of brass, which they consider simply as a 
mechanical mixture of copper and zinc. 

An argument in favor of the theory that alloys are usually 
solutions of the metals one in the other, or of metalloids in 
metals, and not simply mechanical mixtures, is furnished by the 
intimate association of the constituents. The different metals or 
metalloids of an alloy cannot be detected by the human eye un- 
der any microscope, and can be separated only in a chemical way. 
In addition, the qualities of the alloy as to temperature of fusion, 
specific weight, hardness, toughness, etc., are not immediately 
referable to their constituents, which ought to be the case with 
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a mechanical mixture. For example, copper and tin may pro- 
duce a very hard bronze, while both metals separately are very 
soft. 

The fact that two metals are alloyed the more readily the more 
dissimilar they are chemically, may be taken to show that they 
combine according to the laws of chemistry. Also the fact that 
a number of alloys do not segregate when poured, whenever 
their combination is in accordance with their atomic weights, 
while they will segregate when these weights differ. Examples 
of non-segregating alloys are: 61.8 parts by weight of copper 
and 38.2 parts of tin (corresponding with the chemical formula 
Sn Cu,); 68.3 parts of copper with 31.7 parts of tin (formula, 
Sn Cu,). 

The formation of a chemical compound is further evidenced 
in the case of some alloys (for example, zinc with copper, lead 
with bismuth, aluminum with copper) by the production of heat 
when alloyed. In the latter case the heat produced is so great 
that it cannot be ascribed entirely to the reduction of the sub- 
oxide of copper. Probably, however, only a limited amount of 
the aluminum enters into chemical combination with the copper. 
In the case of copper-zinc alloys, also, it is believed that the 
copper enters into chemical combination with a part of the zinc, 
because, when melted for a length of time, all the zinc will be 
expelled with the exception of a small residuum, which is then 
retained with great force. 

It is evident, therefore, considering that the character of alloys 
is as different as it may be, to judge from the foregoing, and con- 
sidering further the great number of alloys now produced and 
used, that there must be great differences in their endurance. 
Neglecting the alloys of the precious metals, we may state gen- 
erally that the different alloys of copper and tin are the most 
enduring. Pure bronze of this composition, polished, is not as 
easily oxidized in the air as other alloys. This is also proven 
by bronze relics dating from the time of ancient Egypt and other 
countries of antiquity, which bronze consists, almost without 
exception, of copper and tin. As a counterpart to this latter 
bronze, in the matter of endurance, may be mentioned an alloy 
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of aluminum with about 30 per cent. of iron, which forms a hard 
and solid substance, but falls to powder in the course of a few 
days with the formation of malodorous gases, the gases formed 
being probably silicon. hydrogen. 

For commercial uses, and especially for marine engine con- 
struction, the most important alloys are those of copper with tin, 
zinc, and, recently, with aluminum. They may be easily worked, 
and have great tensile strength and easily regulated toughness. 
For purposes of this kind, however, copper alloys must be dur- 
able not only in the atmosphere but also in sea water, whose 
destructive influences are immensely greater than those of the 
atmosphere. The literature on this subject offers little informa- 
tion, and a small chapter added on the subject of the endurance 
of copper alloys in sea water will probably be of interest to 
everybody. 

The destruction of copper alloys does not proceed in sea water 
in the same manner as in air. In the latter case, as a rule, the 
oxidation proceeds uniformly all over the surface, while in sea 
water, with a number of copper alloys, pitting takes place. In 
certain cases one or the other constituent of the alloy is com- 
pletely dissolved without altering the form or appearance of the 
specimen. Pitting takes place also with unalloyed copper ex- 
posed to sea water or acids, and may in this case be referred 
chiefly to lack of uniformity in density and hardness and to acci- 
dental impurities. The destruction of alloys with visible change 
of form and appearance of the surface is especially remarked in 
those containing a large percentage of zinc—brass for example. 
The fact that brass does not offer enduring resistance to atmos- 
pheric influences is well known. It oxidizes easily and thin 
sheets are soon destroyed. For this reason it would, for exam- 
ple, be impossible to use brass for telegraph and telephone wires, 
because the endurance would be small. 

In this connection the results of experiments are interesting 
that were conducted by a manufacturer of copper and brass ona 
number of brass rods of 20 to 30 millimeters diameter exposed to 
the atmosphere. The bars consisted of 58 per cent. copper and 
42 zinc, cast in the usual way and drawn. One-half of these bars 
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were exposed for six months in spring and summer time in the 
open air during the time of the year when there was no frost. 
The other bars were stored for some time in a dry, closed room 
of the factory. The latter bars showed no change at the end of 
the time, while those exposed in the outside air were covered 
over their whole surface with innumerable small circumferential 
and longitudinal cracks. A similar appearance was shown by 
the bars exposed inside of the building for several winter months 
secured to one of the side walls; with this difference, however, 
that the surface cracks were to be found only on the side next 
the wall and in contact with the wall. These surface cracks are 
explained by the fact that the tensile strength of the outer skin 
had been impaired and that the metal had not then been able to 
resist the strains remaining after the drawing. Bronze bars an- 
nealed would probably not have shown this destructive action of 
the atmosphere. 

The destruction of copper-zinc alloys in sea water is much 
more rapid than in air, and especially so if the alloy is brought 
into contact with other metals. The time necessary for the de- 
struction differs with the composition, and probably also with 
the exposed surface of the metals with which the alloys are in 
contact ; also, with the temperature of the water and other con- 
ditions. In certain cases it was observed that rolled sheets of 
copper-zinc alloys of 1.5 to 2 millimeters thickness reached the 
point of minimum strength after a period of six or eight months. 
The sheet, as it is taken from the water, is almost red in appear- 
ance; when burnished it assumes a somewhat lighter but still 
reddish color even when completely destroyed. The destroyed 
material may be broken between the fingers as easily as bread, and 
the fracture shows a reddish-brown copper color. Analysis shows 
that the zinc has been almost entirely consumed. As the out- 
side form of material whose structure has been completely de- 
stroyed is, as a rule, unaltered, and as the red coloring of the 
surface is not apparent in dark spaces or under artificial light, 
it is difficult to learn by inspection whether the material has suf- 


fered. This would seem to be a serious danger on board ship, | 


where the fracture of an outboard valve casing below the water 
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line or of a propeller might hazard both human life and 
property. 

In order to discover under what circumstances a rapid destruc- 
tion of copper-zinc alloys takes place in sea water, and to discover 
those conditions under which this destruction does not take place; 
also to determine the endurance of other important alloys of cop- 
per with zinc, tin and aluminum in sea water, a number of ex- 
periments were undertaken. The manner of execution and the 
results of these experiments are reported in the following. 


II. PLAN OF THE EXPERIMENTS. 


Before beginning the experiments it was considered in what 
form, in what manner, and how long the material experimented 
on was to be subjected to the action of sea water, how the de- 
struction was to be stated numerically ; also whether and what 
similar experiments were to be conducted outside of sea water. 

In the first place, it had to be determined in what manner the 
action of sea water on the alloys exposed to it or to atmospheric 
air was to be determined, because the form of the test specimens 
depended on it. 


Measurement of the Destructive Effect. 


If a rod of iron is exposed in moist air or in water, a layer of 
rust is formed on the surface whose thickness increases gradu- 
ally. The surface in most cases is not attacked uniformly. On 
the contrary, the rust penetrates deeper in some places than in 
others. In any case, however, it is possible, after carefully 
cleaning the rod, to measure the corrosion that has taken place 
by the decrement of the cross section and of the weight. A 
decrease of the cross section, however, is not observed in the 
case of copper-zinc alloys, even after complete destruction of the 
original structure. The decrease in cross section, therefore, can- 
not, in the experiments in question, be taken as an indication of 
the endurance in sea water, because, in the first place, copper- 
zinc alloys were to be experimented on, and also because it was 
not known whether or no other copper alloys behaved in the 
same manner. 
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The decrease in weight cannot be taken to furnish a direct 
measure of the destruction, as the weight of copper-zinc alloys 
is somewhat decreased by corrosion, but not decreased in the 
same proportion as the power of resistance of the material to 
mechanical stress. This fact is evidenced by the following table : 


TABLE I. 


| 
| 


| 4 
4 
No. Alloy, Cu 57, Zn 42, Fe 1 (ab’t). | 38 
77) 
& | le 
2 Rod as in 1, much corroded in sea water, sec- 
3 Corroded material picked from rod 2 after frac- 


To obtain a measure of the destructive effect, it was decided 
therefore to measure the tensile strength and elongation of the 
material before and after immersion in sea water. It was at first 
intended to make a simultaneous exact measurement of the cross 
section and weight before and after the immersion, but this had 
to be given up on account of the added labor. Only an approxi- 
mate determination of the cross section was attempted in what 
follows. 


Form of the Test Pieces. 


In order to be able to,determine the loss of tensile strength 
and elongation of the test pieces, it was necessary to make them 
of such shape that they could be experimented on without sub- 
sequent change of form; otherwise the exterior corroded metal 
would have had to be removed more or less before such test 
could have taken place, which test would therefore have been 
that of the better preserved central portion. The test pieces were 
therefore made of the following shape and dimensions : 

The test pieces of materials of high tensile strength were given 
a section of 17 by 83 millimeters instead of 18 by 10, in order to be 


4 
y 
a 
< 
$$$ 
| 
2 
= 
= 
= 


ENDURANCE OF COPPER ALLOYS IN SEA WATER. 


342 


able to utilize a machine capable of pulling six tons. The results 

of the tests are not affected by these differences in the sections, 

because the comparison of tensile strength was made for equal 
dimensions. 

As the same test pieces could not be subjected to tests both 

| before and after immersion, each alloy was tested before immer- 

sion by means of a number of pieces taken from the same sheet 

as those immersed and representing the average. The pieces 

were preferably taken from sheet metal because experience has 

shown that the results so obtained are the most uniform. 


Fastening of the Test-Pieces when Suspended in Sea Water. 


Experience teaches—as stated above—that the corrosion of 
metals and alloys in sea water and its progress is augmented or 
delayed according as they are or are not in contact with other 
metals and depends on the nature of these metals. For example, 
an alloy consisting of aluminum 86, with an addition of copper, 
zinc, cadmium and silver, gave the following results : 


TABLE I1.—DESTRUCTION OF AN ALLOY RICH IN ALUMINUM. 


Tensile strength, 
Kind of bar tested. kilogrammes per 


Elongation, 
square millimeter. | 


per cent. 


I | Not immersed. Tested immediately 


| SHEP 10 3 
2 Kept 24 months in the air... 10 2 
3 | Exposed 24 months in sea water at- 

| _ tached to a plate of same material..... 2— 2.25 ° 
4 Exposed 16 months in sea water at- 

| tached to a bronze plate.................. 2— 2.25 ° 
5 Exposed 8 months in sea water at- 


tached to a steel plate..................60 


The times necessary for the same destructive effect on the 
aluminum alloy are in the ratio of 1: 2:3, according as the alloy 
is in contact in sea water with steel, bronze, or with the same 
material. 

It is generally known that iron or steel is more easily and 
deeply pitted when in metallic contact with copper or bronze 


t 
| 2.25 ° 
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than when such contact does not exist ; for example, iron rudder 
posts and rudders in proximity to bronze propellers or a hull 
plating of copper or brass are known to suffer. Ships’ propeller 
shafts are not infrequently fractured on account of such corrosion, 
which takes place at the end of the bronze sleeves drawn over 
the shaft, where frequently the section of metal has been found 
to be reduced in the course of time to from four-fifths to three- 
fourths of the original area. 

Corrosion of iron in contact in sea water with copper or bronze 
may be prevented, or at any rate delayed, by the use of zinc pro- 
tectors placed in metallic contact with the iron. 

It may not be so generally known that propellers, etc., made of 
copper-zinc alloys have a long endurance on iron ships, but are 
rapidly corroded on wooden ships sheathed with copper. The 
contact also between copper-zinc alloys and copper-tin alloys in 
sea water leads to a rapid destruction of the former. For ex- 
ample, the pintles of a ship’s rudder made of Delta metal, work- 
ing in bushings of tin-bronze, had lost their strength in the space 
of a few years. 

It has been argued from these and similar experiences that 
electricity plays an important part in the destruction of metals in 
contact in sea water, that metal being attacked which is highest 
in the electrical potential series. Experiments conducted by Pro- 
fessor Finkener point in the same direction. The cause which 
led to the experiment of Professor Finkener was the destruction 
of the brass tubes and braces of the condensers of H.I. M.S. 
Carola. Professor Finkener immersed a number of cylindrical 
bars of 18-millimeter diameter of iron, zinc and other copper al- 
loys for a lenth of time in a concentrated solution of common 
salt, and connected pairs of rods of different metals outside of 
the liquid by conducting wires. 

Professor Finkener deduced the following conclusions: 

1. A concentrated solution of salt corrodes zinc, iron, brass 
and bronze. 

2. A concentrated solution of salt corrodes under similar cir- 
cumstances two metals or alloys in the aggregate more when the 
latter are electrically connected than when they are insulated. 
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3. A concentrated solution of salt corrodes of two metals or 
alloys electrically connected preferably the more electro-positive 
of the two, and when the difference, electrically, between the 
metals exceeds a certain magnitude it corrodes only the electro- 
positive element. 

As regards the electrically connected bars of bronze and brass 
immersed in the solution of salt, the foregoing conclusions do 
not seem to be borne out. This would probably have been the 
case if, in addition to the determined decrease in weight, the 
loss in tensile strength and elongation had also been established. 
The corrosive effect would then probably have been much more 
clearly defined. The composition of the copper alloys is unfor- 
tunately not known. 

If, as seems to be demonstrated, the electric current exercises 
important influence on the corrosion of metals in contact in sea 
water, it is important that every metal experimented on should 
be tested in contact with each of as large a series of other metals 
and alloys as possible. Practically it is, as a rule, of no import- 
ance whether a completely insulated metal endures well in sea 
water or not, because electrical contact with contiguous metals 
cannot be avoided. It is much more important for practical 
reasons to discover the best selection of material for the different 
parts in electrical contact in order to avoid rapid corrosion, select: 
ing at the same time such metals as are best fitted for the purpose 
in a mechanical way. The test pieces of each alloy were con- 
sequently riveted to plates of other metals and alloys, having 
electrical contact with them, which plates were then suspended 
in sea water and insulated. This insulation was accomplished 
by lining a hole punched in the plate with hard rubber, the wire 
suspending the plate being, therefore, in contact with rubber 
only. 

With the exception of the plates of iron, each of the plates had 
approximately the same superficial area as the test pieces attached 
to it. The plates of iron were so chosen that their surface was 
three or four times as great as that of the test pieces, in order to 
have something like the proportion existing between exposed 
surfaces of iron and copper alloys as they occur in ship construc- 
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tion. The rivets for securing the test pieces to the plates were 
made of either the same material as the plates or as the test pieces. 

The wire used for the suspension of bronze plates was phos- 
phor-bronze of about 6 millimeters diameter. For iron plates 
iron wire of the same diameter was used. In the latter case in- 
sulation between the wire and the plate was unnecessary. At 
the upper end the wire extended about 14 millimeters above the 
water and was fastened to iron nails driven into wood. In the i 
case of the first plates prepared the suspending wire was not in- 
sulated. Special attention is directed to this in the analysis of 
the results. 

In order to determine whether endurance could be predicated 
from the place of the metals and alloys in an electrical potential 
series, this series was fixed for the materials experimented on. 


Time of Immersion. 


The plates prepared as above described were suspended from a 
wooden bridge in the harbor of Kiel at a depth of trom one to 
two meters below the surface. They were left there during 
summer and winter and were examined periodically. Only ina 
few cases did it happen that plates dropped off. A few test 
pieces were lost in consequence of the destruction of the rivets. 

The time of immersion was fixed at first at two years. Of 
twelve pieces of any alloy which was to be experimented on in 
contact with a plate made of some other specific alloy, or.of some 
pure metal, three test pieces were tested for tensile strength im- 
mediately after machining to shape; the remaining nine were 
riveted to the plate and immersed. After an exposure of eight 
months, one-third of these nine was taken and similarly tested, 
so that the tests were on sets of three pieces exposed for lengths 
of time of eight, sixteen and twenty-four months. 

Subsequently, to simplify the experiments, six test pieces only 
were riveted to each plate, of which one-half were tested at the 
end of sixteen and the other half at the end of thirty-two months’ 
immersion. The extension of time of immersion from twenty- 
four to thirty-two months appeared desirable in order to allow 
the corrosion of material to become more pronounced. 
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Manner of Conducting the Tensile Tests. 


Ir. ali cases the only treatment to which the pieces taken from 
the water was subjected was cleaning. In no case were they 
touched with a file or any other sharp instrument. They were 
cleaned first by washing, and, after drying, by rubbing off with 
fine emery cloth. Pits were not taken account of in so far as 
they were not allowed for in the determination of the tensile 
strength per square millimeter, as found by the testing machine. 

In all cases the elastic limit was determined (being the stress 
at which an elongation of .2 of I per cent. became permanent), 
the ultimate tensile strength, the elongation and the contraction 
of area. 

The area of cross section determined before testing was com- 
pared with the original section, as a measure of the reduction 
due to corrosion. 

Corrosive Influences of the Atmosphere. 


In order not to make the experiments too cumbrous, the cor- 
rosive influences of the atmosphere were observed on six alloys 
only, which were presumably least enduring in sea water, all 
containing much zinc. The test pieces were riveted to plates, 
as for those immersed in water, and were exposed in the open 
air not far from achimney. After twenty-four months’ exposure 
the pieces were tested and the results obtained compared with 
pieces of the same material tested immediately after machining. 


III.—ALLOYS EXPERIMENTED ON.—SHORT SKETCH OF THE EXPERIMENTS. 
Alloys Experimentcd On. 


As already stated, the test in sea water was to be confined to 
those copper alloys which are at present in most extensive use 
in ship and marine engine construction, os whose use seems to 
be warranted in the future. Of most extensive use at present are 
the alloys of copper with tin and zinc, while those of copper with 
aluminum, the so-called aluminum- bronzes, will, doubtless, on ac- 
count of their excellent qualities, be used more and more wher- 
ever rolled metal and forged pieces are required. For castings 
aluminum-bronze is not suitable, because it is exceedingly diffi- 
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cult to obtain a casting solid and free from blow holes. The fol- 
lowing is a list of the alloys that were tested. 

a. Copper-zinc alloys containing a large percentage of zinc. 

Copper-zinc alloys that may be forged red hot and which are 
known as yellow metal, naval brass, Muntz metal, Delta metal, 
Durana metal, iron bronze (Tobin bronze), etc., do not differ 
materially in their composition, because, in order to be forgeable, 
the constituents have to be combined in certain fixed proportions 
(from 58 to 63 Cu and 42 to 37 Zn). The tensile strength of a 
number of the alloys above referred to is augmented by the ad- 
dition of about 1 per cent. of iron. Traces of lead, tin and man- 
ganese are frequently found. Manufacturers are in the habit of 
advertising alloys, particularly those containing iron, as being 
especially durable in sea water. Generally speaking, it is not to 
be assumed that there will be a marked difference in the durability 
of the various bronzes containing iron in sea water. It was, there- 
fore, decided to test only one of them. Its composition was the 
following : 


Iron, ‘ ‘ 1.19 


This iron-bronze was tested in sea water and also in the atmos- 
phere, in both cases in a forged condition, because this compound 
is not well suited for casting purposes. It is also to be assumed 
that the endurance of the casting would not differ materially 
from forged pieces. 

The iron-bronze experimented on was placed in metallic con- 
tact with a plate consisting of metals as per the table following 
and under the conditions there detailed. 

6. Copper-zinc alloys containing a small percentage of zinc. 

For castings the following is specially to be recommended: 
Cu 86, Sn gf, Zn 43; also, Cu 88, Sn 8, Zn 4. These alloys 
make good castings, are hard enough for machinery purposes, 
have high tensile strength and great elongation. For these rea- 
sons cast specimens of this material were experimented on. The 
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test pieces were taken from a plate which was cast of 88 Cu, 8 Sn 
‘and 4 Zn. During the exposure in sea water they were in con- 
tact with a plate of pure tin-bronze. 

c. Pure tin-bronze. 

Pure tin-bronze was used as a standard of comparison for the 
other alloys experimented on, tin-bronze being considered to be 
one of the most enduring of all alloys. 

The material experimented on was a tough tin-bronze as used 
in ship and marine engine construction for parts exposed to con- 
tact with sea water. Its composition was 88 Cu, 12 Sn, and 89 
Cuandi1 Sn. The use of these different compositions occurred 
through anerror. The difference, however, is so small that the 
value of the experiments will not suffer, especially as in every 
case the composition of the particular test piece was known. 

There was no phosphorus added to the tin-bronze purposely, 
because it is maintained by the inventors of phosphor-bronze, 
and with reason, that the addition of phosphorus increases the 
endurance of an alloy. Had phosphorus been added to the tin- 
_bronze experimented on, and a given endurance established, doubt 
would have existed whether such result was due chiefly to the 
phosphorus or no. 

The tin-bronze was exposed in water in metallic contact with 
different plates, as given in the subjoined table. 

d. Pure aluminum-bronze. 

The alloy experimented on consisted of Cu gt, Al 9, made of 
especially pure materials. With moderate tensile strength this 
material showed great elongation. 

e. Aluminum-bronze containing iron. 

An increase of tensile strength, and especially of the elastic 
limit, without doing mechanical work on the material, may be 
obtained by the addition of iron to aluminum-bronze. The in- 
crease of tensile strength is offset, to be sure, by a decrease of 
the elongation ; still this remains sufficiently high where the per- 
centage of iron is not too great. Aluminum containing silicon 
added to the alloy has the same effect as iron. An alloy con- 
taining iron and silicon was experimented on for its endurance 
in sea water. Its composition by weight was as follows : 
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The endurance of aluminum-bronze in sea water was watched 
with especial interest, because, in the first place, it is known 
that pure aluminum is rapidly corroded in sea water, and again 
because aluminum-bronze seems to be such a permanent alloy, 
such an intimate mixture, that a solution of the aluminum from 
the alloy ought not to be apprehended. 


General Plan of the Experiments. 


The following table gives an idea of the general plan of the 
experiments made on the alloys above stated : 


made from material | 
as stated below. 


secured in metallic | 
contact to a plate 


n 
pe 
<= 


mented on. 


(The test for endur- 
ance took place 


Copper alloy experi- 
Number of test pieces. 
Suspension wire insu- 


3 


| 

At. | Lron-bronze (cop-| Fifteen. | Tin-bronze of 95 | . | In sea water 

per alloy con-| (I-15) | copper, § tin. | and in the 

taining a large | atmosphere. 
percentage of | 

zinc and no we 


_ | The test pieces were 


Z 
° 


en of iron- Do. 
bronze (copper 
alloy with small | | 
percentage of 

zinc, without 
| tin). 
Twelve. | Oak wood. | Do. . | In sea water 


| Iron 
| wire. 
| Pure aluminum- | Bronze 
bronze. wire. 
| Tin-bronze con- . | Tin-bronze of 88! Do. 
taining a small (52-60) | copper, 12 tin. 
percentage of | | 
zine. 
Do. Nine. 
(196-204) 
23 


Do. 


q = 
a 
— 
| 
| 
| a 
| = 
| 
| 
| 
= 
| 
Br. | Do. _—_ 
| only. 
B2. | Do. 
D. Yes. | Do. a 
C2. No. Do. oan 
| 
C3. Yes. | Do. a 
. 4 
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mented on. 

secured in metallic | 

contact to a_ plate 

made from material | 

as stated below. 
Material of the sus- 

pension wire. 

ance took place. 


lated.* 
The test for endur 


Number of test pieces. | 
The test pieces were 
Suspension wire insu- 


2 
3 
a 
2 


| tin-bronze | Nine. | Tin-bronze of 88 Bronze’ No. In 
copper, 12 | (43-51) copper, 12tin. | wire. | | only. 


Characteristic number | 
of the test series. 


Do. 


tin-bronze Nine. | Tin bronze of 89. | 

(89 copper, 11 | (79-87) | | copper, II tin. | 
tin). 
Do. | Nine. | Elect rically-de- | 

| (70-78) | posited copper. 

Nine. | Forged iron- | 


| (88-96) | bronze. 


Nine. | Iron. 


Ff 


(97-105) | 
Do. | Nine. | Pure aluminum- 
\(106 1141) _ bronze. 
| Pure aluminum-| Nine. | Electrically-de- | 
bronze. 123), posited copper. 
Do. | Nine. Pure aluminum- | 
(124-132) _ bronze. 
Do. | Nine. | Tin-bronze of 89 | | 
(133 141) copper, II tin. 
Do. | Nine. | Forged iron- 
(142 150) bronze. 
Do. Nine. | Iron. 
159) 
Aluminum- Nine. | Electrically-de- 
bronze. (160 168) posited copper. 
Do. | Nine. | Ailuminum-bronze 
177) containing iron. 
Do. | Nine. | Tin-bronze of 89 
186) copper, tin. 
Do. Nine. | Iron-bronze. Do. 
(187. 195) 


* The suspension wire made of bronze of about 94 copper and 6 tin with a percentage of phos- 
phorus, was or was not insulated from the plate by means of vulcanized rubber. 


REMARKS. A1l.—Test pieces I to 24 were planed from the same forged plate. 

A2.—This test was intended to establish the endurance of iron-bronze in sea water 
when not in contact with any other metal. The desired conditions were not, how- 
ever, entirely realized, because, in the first place, the bronze wire was not insulated 
from the suspended plate; and furthermore, because the suspended plate was made 
by recasting iron-bronze, whereby about 4 per cent. of the zinc was lost by burning 
out. 

B1.—In this case, also, it is probable that an electric current was established be- 
tween the suspension wire and the iron-bronze, wet oak wood being an imperfect 
non-conductor. 

C2.—Open to objection, because the suspension wire was not insulated, 

C3.—Repetition of the preceding test with suspension wire insulated. 

C1.—Open to objection, because the suspension wire was not insulated. 


350 
Do. 
Do. 
Do. 
F3. 
F4. 
Fs. 
G1. 
G2. 
G3. 
G4. 


ENDURANCE OF COPPER ALLOYS IN SEA WATER. 351 


IV. RESULTS OF THE EXPERIMENTS. 


These are stated in a number of tables combined with photo~ 
graphs of the test specimens, showing their appearance after im- 
mersion, the reproduction of which would be inexpedient, and for 
which the reader is referred to the original article published in 
the “ Marine-Rundschau,” November, 1898. A resumé of the 
general results will be given under sub-head VI. 


Vv. GALVANIC SERIES OF THE ALLOYS. 


A galvanic series was constructed in which are placed all the- 
alloys experimented on, as well as those composing the suspen- 
sion plates, and also the pure metals that entered into the com-. 
position of the various alloys, The alloys and metals whose. 
place in this series was determined had not, at the time of such, 
determination, been in contact with sea water. The determination 
was made by the Government's Physical-Technical Institute with 
the utmost care, and the following series was determined : 

+ Zine, 

{ Aluminum, 
Iron, 

Tin, 

Iron-bronze, 
Pure aluminum-bronze, 
Aluminum-bronze containing iron, 
} Pure tin-bronze (89 Cu, 11 Sn), 
Bronze containing small percentage of tin (88 Cu, 8 Sn, 4 Zn), 
Copper, 

— | Phosphor-bronze (94 Cu, 6 Sn and phosphorus). 

The metals inclosed by brackets are very close in the potential 
series. It is to be remarked that clear iron is much below alu- 
minum on the above scale, but as it rusts it moves towards the 
zinc end of the line. The contrary should have been expected, 
but the phenomenon is probably due to the presence of hydro- 
gen, which is freed by the chemical processes. A similar pheno- 
menon is observed with bronzes containing iron. After continued 
exposure to sea water the surface becomes much pitted and has 
the color of copper. Trustworthy chemical analyses of this alloy 
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have denionstrated that the effect of the sea water is to dissolve 
out the zinc. In this case also the metal should approach the 
negative end. Its motion towards the positive end, however, 
again finds its probable reason in the occlusion of hydrogen. 

Pure aluminum-bronze is more nearly like aluminum in the 
potential series owing to its higher percentage of aluminum than 
is aluminum-bronze containing ifon. It is further to be remarked 
that phosphor-bronze is the most electro negative of all the alloys 
and metals experimented upon. 

The two tin-bronzes experimented upon (bronze containing a 
small percentage of zinc and pure tin-bronze) and also copper are 
so nearly alike electrically that their relative position in the series 
is indeterminate. 

Independent of the question of electrical potential of the metals 
in sea water is that of the chemical changes undergone by the 
several metals and alloys when insulated. Bars of the eleven 
metals experimented on were insulated from one another by 
means of pieces of glass and immersed in a vessel containing sea 
water from the Baltic for nearly three months. In the mean 


time the water was renewed once. Weighings before and after 
the immersion showed that several of the bars had suffered a 
decrease ; viz: iron, zinc, tin, iron-bronze and phosphor-bronze. 
The more exact determination of these relations, however, was 
beyond the scope of the experiments. 


VI. PRACTICAL RESULTS OF THE EXPERIMENTS. 


In general, it may be stated that the endurance of copper 
alloys in sea water is dependent chiefly on the metals with which 
they happen to be in contact. The following conclusions may 
be noted: 

a. Endurance of iron-bronze in the atmosphere. 

Forged iron-bronze resisted atmospheric influences very well. 

Tensile strength and elongation were unchanged after two 
years’ exposure. Except for a slight oxidation of the surface 
the test pieces showed no change in appearance, in form, and in 
structure. A similar result may be expected of castings of this 
material. On the other hand, it may be predicted, judging from 
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experiments with copper-zinc alloys, that hard drawn or other- 
wise cold worked iron-bronze will resist atmospheric influences 
not so well in consequence of unequal density. 

The question whether copper-zinc alloys resist atmospheric 
influences as well as the iron-bronze experimented on was not 
inquired into. It is to be presumed, however, that the presence 
of iron does not only change the characteristics as to the tensile 
strength and density, but also has a beneficial influence on the 
endurance in the atmosphere. This supposition is based on 
the fact that iron-bronze, in the absence of electric currents, is 
less subject to attacks by acids and acrid fluids than other simi- 
lar alloys not containing iron. 

6, Endurance of copper alloys in sea water. 

1. Iron, tin and aluminum-bronze in contact with iron resisted 
the action of sea water very well. 

After two and two and one-half years’ exposure in sea water 
attached to iron the alloys preserved all their characteristics. 
There was no semblance of deterioration. It was not deter- 
mined whether the test pieces had suffered a decrease in weight. 
Probably there was none, as the form of the pieces remained 
unchanged, and a solution of the zinc, tin or aluminum was out 
of the question, considering the results of physical tests. This 
result is in accordance with the results of Professor Finkener 
and his hypothesis that, with an electric current passing between 
metals in contact in sea water, the more electro-positive element 
only is attacked—the iron in this case. 

2. Forged iron-bronze in contact with tin bronze was destroyed 
in sea water in a short time by the solution of the zinc. 

In contact with aluminum-bronze the destruction proceeded 
more slowly, still it was rapid, so that the use of iron-bronze in 
combination with aluminum-bronze for parts subject to the 
action of sea water appears inadmissible. 

In contact with tin-bronze, iron-bronze had lost after a lapse 
of two years two-thirds of its original strength and four-fifths of 
its elongation. The structure of the material had been reduced 
in spots to two-thirds of the original sectional area by the more 
or less complete solution of the zinc, which, however, was not 
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observed until after the pieces had been broken in the testing 
machine. The tin-bronze experimented on contained only § per 
cent. of tin. It is probable that a bronze containing a larger 
percentage of tin would not have led to such rapid destruction. 
Cast-iron-bronze or iron-bronze hammered, or otherwise worked 
by mechanical means, will probably behave in the same way as 
forged-iron-bronze. 

In contact with aluminum-bronze, iron-bronze had lost, after 
an exposure of sixteen months, about one-third of its original 
tensile strength and elongation. The structure of the material 
had been reduced in spots to nearly three-tenths of the original 
section. The pieces taken from the water and cleaned presented 
no marked change of surface except for small, pale red spots. 

The rapid destruction of iron-bronze in contact with tin-bronze 
is to be explained by the large interval between the two metals 
on the electrical potential series. The difference between iron- 
bronze and aluminum-bronze is not so great, and as a matter of 
fact the destruction of iron-bronze in contact with aluminum- 
bronze proceeded less rapidly. 

3. Forged-iron-bronze in contact with a plate of the same ma- 
terial (with, however, about 4 per cent. less zinc, which was lost 
during melting and casting) was rapidly destroyed. The plate 
had been suspended by a phosphor-bronze wire which had not 
been insulated. 

After an exposure of two years the iron-bronze had lost in 
round numbers 65 per cent. of its original tensile strength. The 
structure of the material had been reduced in places to about 
three-fourths of the original section. : 

In all probability the cause of this rapid deterioration was the 
bronze suspension wire. We may conclude that a large piece of 
iron-bronze will be rapidly destroyed in sea water, even when in 
contact with a relatively small piece of tin-bronze. 

4. Iron-bronze and tin-bronze containing phosphorus insu- 
lated from one another in sea water by means of a block of oak 
wood, resulted in a slowly progressive destruction of the iron- 
bronze. 

The test pieces of iron-bronze had lost, after an exposure of 
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twenty-three months, about 20 per cent. of their original tensile 
strength and about 25 per cent. of their elongation. The struc- 
ture of the material near the surface was destroyed to a depth of 
about .5 millimeters, which was discovered when they were broken 
in the machine. The destruction must be ascribed chiefly to the 
electric current induced between the bronze pieces and the phos- 
phor-bronze suspension wire, because copper-zinc alloys not in 
electrical contact with other metals were not as rapidly destroyed. 
Otherwise it would not be possible to use this material for the 
sheathing of wooden vessels, which is common practice. 

5. Tin-bronze containing a small percentage of zinc (88 Cu, 
8 Sn, 4 Zn), in contact with pure tin-bronze, was attacked in 
sea water no more vigorously than pure tin-bronze insulated or 
electrically connected with tin-bronze containing a smaller per- 
centage of tin with an addition of phosphorus. 

The observed comparatively slight effect of sea water on this 
bronze in contact with pure tin-bronze is to be explained by the 
proximity of these alloys on the electrical potential series. It 
seems remarkable and inexplicable that bronze containing little 
zinc suffered more when the plate to which the specimens were 
attached was insulated from the suspending wire than when it 
was not so insulated. 

Judging from the experiments, it does not seem necessary to 
exclude tin-bronze containing a small percentage of zinc from 
use for parts exposed to sea water. The tensile strength and 
elongation do not suffer more than in the case of pure tin-bronze, 
‘and the latter is just as much subject to pitting as tin-bronze con- 
taining zinc. It appears, however, that it is well to be cautious 
in the use of this alloy, in view of the fact that alloys contain- 
ing much zinc do certainly corrode rapidly in sea water. The 
experiments are not conclusive in showing that tin-bronze con- 
taining zinc and pure tin-bronze are equally enduring. On the 
contrary, the author is of the opinion that pure tin-bronze is to 
be preferred for parts in constant contact with sea water. 

6. Pure tin-bronze in contact with iron-bronze or with alumi- 
num-bronze was very enduring; insulated, the endurance was 
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not so good. The corrosion was most rapid in contact with 
copper. 

The results of the tests go to show that the endurance of pure 
tin-bronze in sea water depends, as in the case of other alloys, 
in great measure on the metals with which it is placed in con- 
tact. The most rapid destruction occurred when in contact with 
copper, in accordance with their difference on the potential series, 
though this difference is small. 

In another test in which both plate and specimens were made 
of tin-bronze (in which, however, the suspension wire was of 
phosphor-bronze not insulated from the plate) the corrosion 
of the tin-bronze was as marked as when in contact with the 
copper plate. The position of phosphor-bronze at the negative 
end of the potential series furnishes an explanation. 

7. The decrease in tensile strength and elongation from 6 to 
7 per cent. of tin-bronze in contact with iron-bronze appears 
subject to question. 

In the first place, the pieces after exposure presented no 
change in appearance. Furthermore, tensile strength and elonga- 
tion were greater after exposure of thirty-two months than at the 
end of sixteen months. It may, therefore, be concluded that 
the quality of the test pieces broken immediately after machin- 
ing was better than that of those immersed in sea water. It is 
well known that complete homogeneity of material cannot be 
obtained in castings. 

8. Pure aluminum-bronze has proved itself to be as enduring 
in sea water as pure tin-bronze. 

Pure aluminum-bronze exposed for thirty-two months in sea 
water, in contact with iron and with iron-bronze, was, generally 
speaking, unchanged. Insulated or in contact with copper a 
slight change was noticeable. 

The most effective corrosion, relatively speaking, had attacked 
those pieces that were placed in contact with tin-bronze, although 
even in this case tensile strength and elongation had suffered 
very little. The quality of the material was much better than 
the appearance of the test pieces seemed to indicate. The tin- 
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bronze plate to which the aluminum-bronze pieces, were riveted 
had also been attacked. 

In such cases where the pure aluminum-bronze was the more 
electro-negative metal (that is, in contact with iron and iron- 
bronze) it remained unattacked. A slight corrosion was notice- 
able in those cases where the aluminum bronze was the more 
electro positive metal, that is, in contact with tin-bronze and with 
copper. However, in these cases the corrosion was no greater 
than that of insulated test pieces. On the whole, judging from 
the results obtained, it may be stated that aluminum-bronze is 
less subject to deterioration by galvanic action than other copper 
alloys. While the good endurance of tin-bronze may be chiefly 
ascribed to its low position in the electrical series, the endurance 
of pure aluminum-bronze will probably find its cause in the fact 
that the constituents of this compound are more intimately com- 
bined, perhaps form a chemical compound. 

g. Aluminum-bronze containing iron has proved itself to be 
less enduring than pure aluminum-bronze. It is, as far as endur- 
ance is concerned, somewhat inferior to tin-bronze. 

In contact with iron-bronze, sea water had no effect on alumi- 
num-bronze containing iron. The pieces in contact with copper 
suffered most, but in this case also the comparatively small sen- 
sitiveness of aluminum-bronze to galvanic action above referred 
is noticeable. The corrosion of test pieces suspended in contact 
with copper was not much greater than that of insulated pieces, 
and in the latter case a more pronounced corrosion took place 
than in the case of pieces suspended in contact with tin-bronze. 
The fact that aluminum-bronze containing much iron is more 
subject to corrosion than pure aluminum-bronze is evidenced by 
the fact that this material when moistened by sea water displays 
rust spots. This leads to the conclusion that the iron is not 
homogeneously distributed throughout the alloy, is not inti- 
mately combined with it, although, to judge from the influence 
which iron has on the tensile strength of aluminum-bronze, the 
contrary should have been expected. 

10. In general, the results go to show that a rapid deteriora- 
tion of copper alloys in sea water is to be prevented by selecting 
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such alloys and metals as are close together in the electrical 
potential series, wherever the insulation of the several materials 
is not possible. 

In any case, regard must be had to both metals in contact so 
that the preservation of one will not lead to the rapid deteriora- 
tion of the other. For example, tin and iron-bronze in contact 
with iron both endure well; the iron will, however, suffer least 
when in contact with iron-bronze. 

Under certain circumstances it may not be objectionable to 
allow a more rapid deterioration of a metal which is sufficiently 
heavy to stand the loss in order to save another and thinner part. 
In such cases, the use of iron-bronze might be admissible when- 
ever it is not possible or desirable to use either iron or pure zinc 
protectors. The use of alloys containing a large percentage of 
zinc is permissible only in cases where they are not in electrical 
contact with other copper alloys. 

Pure aluminum-bronze seems especially well adapted for parts 
in contact with sea water, because it corrodes very little in con- 
tact with more electro-negative metals and produces little destruc- 
tion of electrically connected more electro-positive metals. 

11. An addition of phosphorus moves a metal towards the 
negative end of the potential series and appears to enhance its 
endurance. 

No direct experiments were made on the endurance of phos- 
phor-bronze in sea water, but from general observations made on 
wires used for suspending the plates, as also judging from prac- 
tical experience, it seems proven that the endurance of phosphor- 
bronze in sea water is very good. For this reason drawn phos- 
phor-bronze wire and bars are very suitable for screws, bolts, 
studs, etc., in castings of tin-bronze where they are exposed to sea 
water. A rapid destruction of the tin-bronze on account of such 
screws, bolts, and so on, is not to be feared. It is good practice 
to add to tin-bronze castings a small percentage of phosphorus 
in order to make the melted metal more fluid, and also to make it 
more enduring in sea water, whenever it is not brought in contact 
with other metals whose destruction might thereby be made 
more rapid. 
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It would be interesting to determine whether phosphor-bronze 
in contact with copper in sea water would not lead to the de- 
struction of the latter metal. It is possible that the observed 
rapid destruction of copper pipes, copper vanes, of condenser cir- 
culating pumps, etc., may be due to the phosphorus contained in 
the bronze with which they are in contact. 

To the results obtained with the copper alloys in sea water I 
wish here to add an experiment with steel containing a high per- 
centage of nickel. According to this experiment, nickel-steel, 
which is a most valuable material on account of its high tensile 
strength and tenacity, suffers by galvanic action much more than 
iron and carbon-steel. Nickel-steel containing about 30 per cent. 
of nickel, when placed in contact in sea water with tin-bronze, 
showed after a very short time small pits of considerable depth, 
which were not observed with carbon-steel. 

In connection with the results on the endurance of alloys, it 
might also be of interest to note the growth of shells on the 
specimens exposed in sea water. It may also not be amiss to 
call attention to the tendency to the formation of verdigris on 
the surface of specimens that had been exposed when they were 
subsequently stored in a dry place. 

The growth of shells was most pronounced and proceeded 
most rapidly on plates of iron. After that came those of iron- 
bronze, and their growth was greater in cases where test pieces 
of tin-bronze were fastened to the iron-bronze plate than when 
the test pieces were of aluminum-bronze.' It would almost seem 
to indicate that the electro-motive force called into existence by 
the contact of the dissimilar metals favored the growth of the 
shells. The observations, however, are not complete enough to 
make definite conclusions possible. 

Certain of the plates that had been exposed in sea water were, 
after cleaning and testing, placed in a dry room. The greater 
part of the specimens retained their metallic color, while the rest 
became covered with a more or less heavy coating of verdigris. 
Observation showed that the formation of cupric oxide occurred 
only on specimens of certain experimental series. It did not de- 
pend upon the material of the test specimen, but appeared to be 
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connected with the degree of surface corrosion, which latter was 
conditioned by the material of the plate with which the speci- 
mens had been in contact. It was most pronounced in the case 
of those specimens which, after exposure in sea water, showed a 
spotted black and red appearance of the surface. 

In conclusion, it is to be remarked that the experiments con- 
ducted are not a complete solution of the question of the endur- 
ance of metals in sea water. It is hoped, however, that this 
contribution will lead to further trials which will get nearer the 
mark. In such a case, the results here obtained may be of use 
in indicating how the experiments might be better conducted. 
One of the points to which attention might be directed would 
be the choice of the same material for the contact plates and for 
the wires or ribbons that serve for their suspension. The exact 
weighing of the test specimens before and after exposure is also 
recommended, because, without this observation, the results are 
not as complete as they should be. 
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TRIALS AND EXPERIMENTS MADE IN H. M. S. 
ARGONAUT. 


By Sir Joun Durston, K. C. B., R. N., ENGINEER-1N-CHIEF 
oF H. M. Navy. 


(Read at the Fortieth Session of the Institution of ‘Naval Architects, March 22, 1899.] 


The following paper gives an account of the results of the 
contract trials of H. M. S. Argonaut, and certain experiments 
made while these were being carried out. Advantage was taken 
of the opportunity of making measurements of the actual water 
consumption of the engines under various conditions, with special 
measuring tanks fitted for this purpose. 

The Argonaut is a twin-screw cruiser of 18,000 I.H.P. 

The experiments were carried out on the specified contractors’ 
trials, viz: the thirty hours’ trial at 3,600 I.H.P., a trial of the 
same duration at 13,500 I.H.P., and the full-power trial of eight 
hours at 18,000 I.H.P. 

The engines are of the same dimensions and arrangement as 
those of the Diadem, described and illustrated in the paper read 
last year. They consist of two sets of triple-expansion engines, 
arranged in separate engine rooms divided by a middle-line bulk- 
head, and are designed to develop the full specified powér with 
an initial pressure atthe engines of 250 pounds by gage. The 
boiler pressure is 300 pounds. 

The diameters of the high, intermediate, and each of the two 
low-pressure cylinders are 34 inches, 554 inches, and 64 inches, 
respectively. The stroke is four feet, and the designed revolu- 
tions are 120 per minute, or ten more than the designed speed of 
revolution of the Diadem. 

Each cylinder has a separate working barrel, which forms a 
steam jacket with the cylinder walls. Steam may be admitted 
to these jackets and maintained at any desired pressure. The 
condensed jacket steam is led to collectors furnished with gage 
glasses, and drained into the main condensers by screw-down 
valves. 
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The cylinders are arranged high and intermediate forward, 
and the two low pressures aft. The two forward cranks being 
opposite one another, the two after cranks are also opposite one 
another, but at right angles to the two forward cranks. On 
all the trials there was an entire absence of vibration of the ship. 

The high and intermediate cylinders are fitted with piston, 
and the low pressures with double-ported flat slide valves; these 
are actuated by the ordinary link motion. The reversing gear is 
of the “all round” type usual in naval engines, and provision is 
made for adjusting the position of each link independently. 

There are a feed and a hot-well tank in each engine-room 
wing, these are fitted with connecting pipes to the correspond- 
ing tanks on the other side of the ship. 

Steam is supplied by thirty Belleville boilers of the econo- 
mizer type. They are arranged in four groups, back to back, and 
are stoked in the fore-and-aft direction. Transverse bulkheads 
divide the boiler space into four separate compartments. 

The total heating surface provided is 47,300 square feet, con- 
sisting of 28,300 square feet in the generator portion and 19,000 
square feet in the economizer portion, as against a total of 40,550 
square feet in the Diadem, viz: 29,600 square feet in generator 
and 10,950 square feet in the economizer portions respectively. 
It will be noted the proportion of economizer to generator heat- 
ing surface is much larger than in the Diadem, but the proportion 
in the latter was dueto her boilers having been altered to econo- 
mizer type while in course of construction.. The exact propor- 
tion, however, is not definitely settled, and, so far as experiments 
have gone at present, the ratio of these two surfaces may vary 
considerably without affecting economy, as long as practically 
the same total heating surface is maintained. The grate area is 
1,390 square feet. 

There are two main condensers with a total cooling surface of 
19,000 square feet. Each is provided with circulating water by 
two independent centrifugal pumps, 45 inches in diameter, placed 
in its own engine room. Bilge suctions are fitted to these four 
circulating pumps, and each is capable of discharging 1,200 tons 
of water per hour from the bilge. There is in each engine room 
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a hot-well pump, for taking water which has been delivered by 
the main or auxiliary air pumps to the hot well tank, and dis- 
charging it through a filter to the feed tank ; an evaporating and 
distilling plant, the two being capable of making ninety tons of 
water per day when worked non-compound, and fifty-six tons 
when worked compound, for the boilers, or thirty-two tons per 
day for drinking purposes, and the usual auxiliary condenser 
for condensing the exhaust steam from the auxiliary engines; 
this condenser furnishes a cooling surface of 1,100 square feet, 
and has its own circulating and air pumps. — 

Besides these, a steering, a ventilating, an electric light, and 
two fire and bilge engines are placed in each engine room; a 
third electric-light engine being situated in another compartment. 

Each of the stokeholds has its furnace air-pumping and ven- 
tilating fan, and each boiler room a main and an auxiliary feed 
engine. 

Outside the machinery space there are engines for air-com-: 
pressing, boat, coal, and ash hoisting, capstan working, refriger- 
ating, &c. 

The Argonaut’s trial took place in the English Channel. 

The trial at 13,500 I.H.P. taking place on November 29 and 30, 
1898, that at full power on December 3, and at 3,600 I.H.P. on 
the 12th of that month. The displacement of the vessel on all 
the trials was about 11,070 tons, and speeds of 21.14, 19.94, and 
13.16 were observed over a measured course of 23 knots for the 
full, continuous steaming, and 3,600 I.H.P. trial respectively. 


Trial. | 


Weights 
16 |S: be 
| 2 $8) sa lea 
lala | |<jo | 2 
1.H.P. | 30| 67.9 | 543.8| 218.5 160.5| 3,339 2.04 
Diadem 30 | 106.5 | 852.0} 267.0 230.0 | 12,785 |... 1.71 1,540 | 767 
Full power. | ~8 | 116.6 933-2} 286.5 236.7 | 16,961 |... 1.73 
3,600 PHP. | 30 | 73-1 | 584.8] 238.0 138.0) 3,784 |... 2.03 
Argonaut... 13,500 1.H.P. | 30 | 112.6 | gor.o| 260.0 220.0 | 13,932 | 1.66 1,578 
Full power. | 8 | 123.6 | 989.0| 291.0 257.5 | 19,025 | 2 | 1.64 
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| > 

1.H.P. per Weight in lbs. per | Sa Sa 

Surfaces | ton (Mean 1.H.P. or | aS 

1.H.P.). (Mean I H.P.) 

Description of | | | | | 88 

= seis 

Diadem . 12,500 I.H.P. 1,460 | 49,990 | 8.30/ 16.66 135 | 135 | 270, 8.75 3.20 
Full power, | 421999 | 11,01 | 22.11 103) 101 | 204| 11.60| 2.41 
Argonaut... < 13,500 1.H.P. 1,390. "47,300 | 17.70 127 127 254 | 10.02 3-39 
Full power. 1,390 | 47,300 12.05 | 24.17 93 92 185 13.69 2.49 


A table is appended showing the average weights of machinery 
and heating surfaces of the boilers of the ships of the Diadem 
class, and of two ships of the Argonaut class, which have made 
their steam trials. 

In comparing the figures, it will be seen that there is a de- 
crease of grate surface in the Argonaut. This is due to the fact 
that the proportion of heating surface was increased in the econo- 
mizer; the corresponding reduction of generator surface (the 
number of stages in the element remaining the same) leading to 
a decreased number of elements, and, consequently, of fire grate 
in proportion to the power. 

As to the efficiency of these arrangements, it will be seen that 
the consumptions of coal in the case of the Argonaut class are 
slightly smaller than in the Diadem class; while, due to the sub- 
stitution of economizer for generator-heating surface, and to the 
increase of the number of revolutions in the engines, there is a 
decrease in weight per indicated horse power of about g per 
cent. 

The water-measuring appliances were arranged primarily to 
ascertain the quantity of steam used for the main engines under 
various conditions as regards jacketing of cylinders, steam pres- 
sure, and rates of expansion. Opportunity was also taken to 
make certain observations as to the amount of steam used by 
the auxiliary engines, but this was not the principal object in 
view, and the various alterations of pipes necessary to enable an 
accurate separation to be made between the steam used by the 
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auxiliary engines necessary for the propelling engines, and the 
other auxiliary engines of the ship were not made. 

The arrangements adopted may be briefly described as fol- 
lows: First, in order to measure the total water passing through 
the main and auxiliary condensers, the hot-well pump discharges 
were disconnected from the grease extractors and connected in 
each case to a pair of measuring tanks placed on the upper deck, 
as shown in the diagram. These were alternately filled and 
emptied, the water, when measured, flowing by gravity through 
the grease extractors into the feed tanks. Each of the four tanks 
was of 240 cubic feet capacity, which gave about five-minute in- 
tervals between the times of switching from one tank to another 
when running at full power. It was arranged that the only steam 
or water entering the main condenser except that from the sepa- 
rator, which was measured and allowed for, was that from the 
main engines and their jacket drains, so that the economy or 
otherwise of the various methods of working the main engines 
could be exactly ascertained. 

To measure the water passing through the auxiliary condenser, 
the auxiliary air pump discharges were disconnected from the 
grease extractors and arranged to discharge to small measuring 
tanks of about thirty cubic feet capacity. As in the case of the 
large tanks, these were fitted in pairs; they were placed on the 
upper engine-room platform, and the water was run from them 
to the hot-well pump suctions, its quantity being thus included 
in the amount measured by the large tanks on the upper deck. 
The difference in the quantities of water measured by the small 
and the large tanks thus gave (subject to the allowance named 
above) the water used by the main engines and jackets. The 
diagram shows in principle the arrangement of tanks and con- 
nections employed, unnecessary detail being eliminated for the 
sake of clearness. Identical arrangements were made for measur- 
ing both the total and auxiliary water from each engine room. 

The slide valve settings in full gear, as actually measured, 
give the following cut-offs in the respective cylinders: High 
pressure, 73 per cent.; intermediate pressure, 67 per cent.; and 
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low pressure, about 46 per cent. of the stroke. The cut-offs used 
during the trials are given in the tables, 

It should be observed here that, as arranged for convenience 
of comparison in the tables, the order is that of the total ratios 
of expansion. The alphabetical order of the reference letters 
gives the actual sequence of the trials. The general scope and 
results of the tests made are shown in the tables. 

Referring to Table I, which deals with the eight hours’ full- 
power trial, the main linking gear was run out to “ full gear,” 
and the high-pressure independent gear was used as found neces- 
sary to maintain the required power. The steam pressure at the 
engines varied from 236 pounds to 244 pounds, and that at 
the boilers from 290 pounds to 299 pounds. The real ratio of 
expansion was 8.5 throughout the trial. 

The trial was started with the jackets out of use. After three 
hours the low-pressure jackets were filled with steam of about 
twenty pounds pressure above that in the receiver, and remained 
in use for the remainder of the trial.* For the last two hours, 
the other jackets were also brought into use, the pressure main- 
tained in the intermediate being about twenty pounds above that 
in the receiver; but that maintained in the high-pressure jacket 
was not so high as its receiver pressure, it being apprehended 
by the contractors that the cylinder walls might become too dry 
for efficient working at the high piston speed required for maxi- 
mum power. 

Turning to Table II, which deals.with the trial at 13,500 
I.H.P., or the maximum continuous steaming power, it will be 
observed that the conditions of initial pressure and ratio of ex- 
pansion varied considerably throughout the trials. The thirty 
hours was divided into six periods of four and one-half hours 
each, and one of three hours’ duration. 

In trials G, C, D the main and high-pressure independent 
linking gears were used to regulate the power. In trial G, with 
12.5 expansions, all the jackets were in use, the pressure of the 
receiver being maintained in the high-pressure jackets, and 


*In dealing with the tables and the following description it should be borne in 
mind that the engines are jacketed on the cylinder barrels only. 
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pressures above those in their corresponding receivers in the 
intermediate and low-pressure jackets. In trial C, with 10.4 
expansions, the intermediate and low-pressure jackets were used, 
the pressure maintained in them being in excess of their received 
pressure, while in trial D, with the same ratio of expansion, all 
the jackets were shut off. The steam pressure at the engines 
during these three trials varied from 229 to 248 pounds, and the 
boiler pressure from 251 to 280 pounds. 

In trial F the main linking gear only was used to regulate the 
power obtained, the slide valves of all the cylinders being thus 
linked up. In this case 9.7 expansions were given, and the steam 
at engines and boilers was respectively 235 and 275 pounds. No 
jacketing was used on the cylinders. 

In trial B, with 9.1 expansions, the main links were run out to 
full gear, the high-pressure independent link being used to ob- 
tain the cut-off; in this case steam of 287 pounds was used at the 
boilers and 190 pounds at the engines, and, as before, no jacket- 
ing was used. : 

In trials A and E, again, the jackets were out of use, all the slide 
valves were in full gear, and the total expansion was 8.3 times. 
In trial A the steam pressure at boilers was 194 pounds and in 
trial E 232 pounds, the pressures shown at the engines being 
about 170 and 180 pounds respectively, the difference between 
these two trials being that in one case the boiler steam was of 
higher pressure and reduced more by throttling than in the other. 

In Table III it will be seen that the thirty hours’ trial at 3,600 
I.H.P. was divided into six equal periods, each of five hours 
duration. 

In trials A, B and C, the main and high-pressure independent 
linking gears were set to obtain the required power, the total ex- 
pansion being 15.7 and the steam pressure at engines being about 
168 pounds, and averaging 285 pounds at the boilers. In trial 
A the high-pressure jacket carried nearly the same steam as the 
receiver ; the intermediate and low-pressure jackets being main- 
tained at about 20 pounds above theirs. In trial B the high- 
pressure jacket was not in use, the steam pressure in the other 
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Position of slide gear. Jackets in 
use. 
Main links full gear. H.P. independent run in to get power.. All. 


Main links full gear. H.P. independent run in to get power... L.P. only. 


| Main links full gear. H.P. independent run in to get power... Nil. 
Main and H.P. independent links run in to get power........... | All. 
Main and H.P. independent links run in to get power........... I.P. and L.P. 
Main and H.P. independent links run in to get power........... Nil. 
Main links only run in to get power.................ccceceeeeeeeeeees Nil. 
Main links full gear. H.P. independent right in.................. Nil. 
Main and H.P. independent links run in to get power............ All. 
Main and H.P. independent links run in to get power... ........ I.P. and L.P. 
Main and H.P. independent links run in to get power............ Nil. 
Main link only run in to get powe®...............0..sseceeeeeceeeeeees Nil. 
Main full gear. H.P. independent right in.........................) Nil. 


Duration of trial in hours. 


Revolutions 
per minute. 
S. 
129.8 128.6 
130.3 128.2 
128.0 127.4 
112.1 112.6 
116.3 117.7 
545.3: | 885-3 
526.7 | 217.2 
116.9 116.4 
116.3. 116.9 
116.2 116.5 
75.6 76.2 
75-3 75-7 
74-7 75-4 
75.0 76.2 
77-4 
76.0 76.7 


194 


285 
294 


275 


281 


285 


130 


TABI 


| Receir 

reduced. 
Starboard. 
236 241 «92 33 
242 | 244 241 | 35 
236 237 236 92 35 
TABL 

248 244° 245 | 80 26 
235 | 235 232 79 
229 | 231 | 229 | 77 | 27 
234 | 237 233 | gt 31 
191 | 187 187 | 64 27 
170 167. 169 | 68 26 

181 179 179 JO. 27 

TABLI 

165 167 | 163 | 48 | 9| | 
167 168 | 165 | 48 Io 
168 170 166 | 47 | 9 
142 143 140 47 | 8 1 
78 76} 17 | 2 


re 
| 
| | 
| 
wn 
; 
{ 
(2 299 
| 
| 3 290 
A 3 292 
; G 3 280 
: Cc 43 280 
D 43 | 251 
F 44 275 
4} 287 
A 43 = 
43 | 232 
= 
me 68) 67/18) 2) 
; 


Receivers. Jackets. Vacuum. 
tarboard. Port. Starboard. Port. 
| | 
92 | 33 | | 7 32 | 112 54 | 53. +216 | 115 | 62 | 60} 26.0 | 25.4 
92 35 244 98 | 33 55 54 57 57 25.8 | 25.7 
92 35 | 235 | 96 | 32 26.0 | 25.2 
TABLE If.—THIRTY HOURS’ TRIAL AT 13,500 1.H.P. 
| 80 26 244 | 82 | 23 245 waa 43 | 45 | 244 | 100 | 36 | 3926.7 | 26.5 
79 27 235 | 81 | 25 i 109 | 43 45 | 10l 44 44 26.6) 26.6 
77 | 27.1 238 | 80 | 26 | 26.8 26.5 
9 | 31 | 237 | 95 | 29 | 27.1 | 27.0 | 
64  27|1 6 | 64 (22 | 26.6 26.4 
68 | 26 | 167 | 68 | 24 | 26.2 26.1 | 
yo 27/179 | 69 | 23 | 26.8 | 26.2 
TABLE HOURS’ TRIAL AT 3600 1.H.P. 
| 48 | 9 | 166) 52. 9) 159 73 | 31 30 | 159 69 | 29 | 29 26.0 | 25.8 
| 48 | Io | 50. 9 75 | 30 30 | 70 | 30 25.8 26.0 
| 47 | 9/170 51 7 ‘| | 25.5 | 26.0 
47 | 49 7 25.5 | 26.0 
I 26.2 | 26.7 


TABLE I.—EIGHT HOURS’ 


Steam pressures. 


TRIAL AT 18,000 I.H.P. 


| 


| Tempera- 


ture of 
| feed water. 
| s. | P 
| 
| | 117 
| 102) 
| 100 104 
103 | 104 
102 
101 | ves 
104, 106 
104 | 106 
110 | 110 
107 | 106 
110 109 
106 107 
107. 101 
9: 90 


Cut-off in cylinde 


of stro 
Starboard. 
I FLA L 
| 67 | 46 | 46 | 
67 | 46 46 
| 67 | 46 | 46 | 
| 48 | 30 | | 
57. 38 38 
(57 38 38 
52 35 | 
67 46 46 
67 46, 46 | 
67 46 46 | 
34 | 23 | 23 
34 | 23 23 
34 | 23 23 
67 | 46 46 | 
67 | 46 | 73 


— | 
H. 
71 
71 
71 
43 
54 
54 
60 
65 
73 
73 
28 
28 
28 
39 
65 
73 


16.2 


75-6 
75-3 
74-7 
75.0 
76.7 
76.0 


evolutions 
per minute. 


Boilers. 


8 


tN 
Ke) 
tN 


280 


294 


130 


Engines 
reduced. 
S P. 
236 | 241 
242 244 
236 237 
248 | 244 
235 235 
229 0231 
234 237 
Igt | 187 
170 | 167 
181 179 
165 167 
167 168 
168 170 
142 143 
78 75 
68 


TABLE I.—EIGHT HOURS’ 


Steam pressures. 


TRIAL AT 18,000 


Jackets. 


216 


1.H.P. 


Port. 

1. | FA 

115 | 62 
57 


TRIAL AT 13,500 1.H.P. 


244 


159 


Receivers. 
Starboard. Port. Starboard. 

234 92 33 | 241 | 97 | 217 112 5453 
241 92 35 | 244 98 | 33 55 54 
236 92 35 235 | 96 | 32 

TABLE II.—THIRTY HOURS’ 
245 | 80 26 | 244 | 82 | 23 | 245 | 108 | 43 | 45 
232 79 27 | 235 | 81 | 25 | 109 43 | 45 
229 | 77 | 27 | 234 | 80 | 26 | | ‘ w 
233 31 | 237 | 95 | 29 | 
187 | 64 27 16 64 | 22° 
169 | 68 26 | 167 | 68 | 24 
179 70 27! 179 | 69 | 23 

TABLE I81.—THIRTY HOURS’ TRIAL 
163 | 48 | 9 | 166 | 52) 9 | 159 | 73 | 31 30 
165 | 48 | 10 168 50 75 | 30 30) 
166 47) 9/170) 51 7 
1440 8/141) 49 
76\17| 2| 1 
67|18| 2| 67| 1 


100 


69 


70 | 


36 


44 


AT 3,600 1.H.P. 


3° 


29 | 


39 


44 


29 


| 30 


5 


| Tempera- 


Vacuum. _ ture of 
feed water. 
| | 
s. P | S. P. 
| 
26.0 | 25.4 | 114 116 


Cut-o 

Starb 

| 

71 | 67 
7t | 67 

| 

71 67 | 
43 | 48 
54 | 57 
«57 
| 60 52 
65 67 
73 67 
73 67 
28 | 34 
28 34 
28 34 
39 34 
65 67 
73 67 


] 
| 
2 | 
29.8 128.6 60 | 
30.3 128.2 57 25.8 25-7 | 113 
28.0 127.4. 25.2 | 113 | 117 
26.7 | 26.5 | 102 | 
16.3 117.7; 26.6 | 26.6 100 | 104 
4 | 
| 
6.3 «116.9 194 | 104 106 
76.2 | 285 260, 25.8 | 110 | 110 
75-7 25.8 26.0 107 106 
75-4 275 | 25.5 | 26.0 | 110 | 109 
| 76.2 | 281 26.0 106 107 
77-4 285 | | | 268 26g Bos 
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Cut-off in cylinders (percentage 


of stroke). 


Starboard. 


I. | F.LJA.L.) H. | 


67 
67 


| 67 | 


48 
57 
57 
52 
67 
67 
67 


34 | 


34 


34 


34 | 


67 


67 


| 
| 
} 
| 
| 
| 


| 46 


46 
46 


3! | 


38 
38 
35 
46 
46 


46 | 


23 
23 


23 | 


23 
46 


46 


71 | 
67 | 


71 


| 71 


42 
52 
52 
58 
65 


| 73 


73 


26 
26 
26 


Port. 


I. 


67 


| 67 


47 
56 
56 
52 
67 
67 
67 


3! 
31 
31 
31 
67 
67 


47 | 


| 
| 
| 
| 


47 | 


47 | 


32 
39 
39 
35 
47 
47 


47 | 


23 


23 | 
23 | 


23 | 
47 | 


47 


46 
46 
46 


31 


37 
37 


Total expansion. 


Indicated horse-power. 


Star- | 


board. | Port Total. 
9,605 | 9,441 19,046 
9,712 | 9,234 18,946 
9,535 | 9,246 18,781 
6,548 | 6,083 | 12,631 
7,200 | 7,079 | 14,279 
7,022 6,766 | 13,788 
7,406 | 7,115 | 14,521 
6,874 6,682 | 13,556 
6,882 | 6,836 | 13,718 
7,021 6,792 13,813 
1,906 1,877 | 3,783 
1,938 1,905 3,843 
1,907 1,855 3,762 
1,922 1,857 35779 
1,929 3,847 
1,93! 1,936 3,867 


Water per hour 
in pounds 
main engines. 


Total. 


316,990 


3055527 | 


295,718 


| 200,154 


| 226,548 


212,873 


216,422 


| 223,027 


215,747 | 


224,092 


61,749 | 
62,798 | 


61,195 | 


63,120 


67,530 


Per 
1.H.P. 


16.64 C 
16.15 |B 
A 


15-75 


15.85 |G 
15.87 | C 
15.44 | D 
15.36 | F 
15.97 |B 
15.73 lA 
16.22 | E 


16.32 
16.34 | B 
16.26 | 

16.68 | D 


17.58 lE 


68,514 17.72 | F 


: 

er. | 
| 

| | 
| 

16 71 | 46 8.5 — 
71 46 | 8.5 
17 71 46 8.5 
| 54 38 10.4 = 
| 
4 | 54 38 | 10.4 
| 
5 60 (35) 97 = 
6 | 73 46 83 
73 o 83 — a 
| 28 2 22 | 15.7 | 
6 23 $3 | 93:2 
9 23 mm 23; 22) 15.7 | 

65 m 46 6s 46 ot 
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jackets being maintained as in A. In trial C, as in the succeed- 
ing trials D, E, F, the jacketing was entirely shut off. 

In trial D the main links only were used to obtain an expansion 
of 13.2, the steam at the engines being 142 pounds with a boiler 
pressure 280 pounds. 

In trial E the main linking gear was in full gear, the high 
pressure independent gear only being used to obtain the cut-off. 
g.I expansions were given to the steam ; the pressure at the en- 
gines being about 78 pounds and at boilers 285 pounds, this was 
reduced by throttling. 

In trial F, all the links were placed in full gear, and with a 
total expansion of 8.3, 68 pounds was the pressure used at en- 
gines, and 130 pounds at boilers to obtain the power. No 
lower boiler pressure than this being practicable on account of 
the working of the electric-light and steering engines. 

Now to examine the effect of jacketing, as shown in these 
trials. 

It will be seen by referring to Table I that the engines were, 
with the exception of the alteration in the use of the jackets, 
under the same conditions in trials C, B and A; and that the 
steam consumption varied from the 16.64 pounds per indicated 
horse-power per hour, when all the jackets were in use, to 15.75, 
when all were shut off, it being intermediate, or 16.15 pounds, 
when the low-pressure jacket only was in use. Thus, the con- 
sumption due to main engines and jackets was reduced .89 
pound per indicated horse-power per hour, or 5.3 per cent., in 
changing from condition C to condition A, and .49 pound per 
indicated horse-power per hour, or 2.9 per cent., from C to B. 

In Table II trials G, C, D were under similar general condi- 
tions as in Table I, as regards the use of jacketing, except that 
the high-pressure jacket only was shut off in trial C. Trials C 
and D were carried out at an expansion of 10.4; trial G, which 
was at the end of the thirty-hours’ contractors’ trial, was made 
‘at 12.5 expansions. Hence, although G shows a slight advan- 
tage to the jackets, compared with C, yet to compare the results 
of this trial with those on Table I we will take C and D only. 
Here also there is a reduction of water consumption with jackets 
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out of use, of .43 pound per indicated horse-power per hour, or 
2.7 per cent., between C and D. 

In Table III trials A, B and C are under the same general 
conditions of steam pressure and expansion, and only differ as 
regards the use of the jackets. Here again, although in a very 
slight degree, there is a reduction of water consumption when 
the jackets are shut off, viz: .06 to .08 pound of water per I.H.P. 
per hour, or rather less that 4 per cent. 

Bringing these results together, the trials show approximately 
an increase of water consumption per indicated horse-power per 
hour through the use of jackets as applied therein of— 

.9 pound, or 5.3 per cent., at 18,000 I.H.P. ; 


.4 pound, or 2.6 per cent., at 13,500 I.H.P.; and 
.06 pound, or less than 3 per cent., at 3,600 I.H.P. 


The points of difference in these trials, which would affect the 
relative efficiency of the use of steam jackets, are the revolutions 
and expansions, and it appears that with the comparatively low 
revolutions and high expansion used at 3,600 I.H.P., the influ- 
ence of the jacketing on the efficiency of the steam practically 
balances the expenditure of heat in the jackets, and that at lower 
speeds and powers, such as obtain at the cruising speeds of a 
fleet, a gain would probably be shown by the use of the steam 
jacket. At the higher powers the tests appear to show that no 
gain in economy is obtained by steam jacketing as carried out 
in this vessel. 

Next considering the effect of the links. 

On the full-power series the setting was not altered, and, there- 
fore, had no effect on the consumption. 

In Table II trials D, F, B, E and A were carried out without 
the use of the steam jacket, and the results may be exhibited as 
follows: 


D. 


| 
Pounds of water per I.H.P. per hour... 15.44 | 


: 
F. | B. | | A 
| | 
| 
97, | 9.1 “3 8.3 
| 15.3 | 15.97 1622 | 15.73 
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It will be noticed that trials A and E took place at the same 
ratio of expansion, the difference being in boiler pressures main- 
tained. 

In Table III the expansions vary from 15.7 in trial C to 8.3 in 
trial F, no jackets being in use in any of these trials. The con- 
sumptions are shown in the following table: 


Expansions 9.1 8.3 


; 13.2 
Pounds of water per I.H.P. per hour - 16.68 | 17.58 | 17.72 


And it will be seen that corresponding to a decrease in the 
expansion from 15.7 to 8.3 there is an increase of about 9 per 
cent. in the consumption. 

The consumption of water for all auxiliary engines in use 
throughout the machinery department and the ship during the 
hours in which the evaporators were not in use was, relatively to 
the power of the main engines— 

3.57 pounds per I.H.P., or about 22 per cent. of the consump- 
tion of main engines only on the trial at 3,600 I.H.P. 

1.59 pounds per I.H.P., or about 10.4 per cent. of the consump- 
tion of main engines only on the trial at 13,500 I.H.P. 

During the full-power trial the evaporators were in continu- 
ous use, and the amount of water passing through the auxiliary 
condenser was 44,651 pounds perhour. As the evaporators were 
worked compound, and the secondary steam was led through a 
distiller, the drainage water from the second evaporator, as well 
as the boiler steam used in the first evaporator, was included in 
this quantity. The amount of water made by the distillers was 
measured by tanks. Allowance being made on the basis of the 
results of separate experiments made on evaporators and distil- 
lers, by the same maker, it is estimated that the consumption of 
steam for all auxiliary engines (excluding evaporators) was 1.88 
pounds per I.H.P. per hour, or about 11.9 per cent. of the con- 
sumption ofthe main engines only. This increase in consumption 
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for auxiliaries over that at 13,500 I.H.P. was, no doubt, due to 
the fact that, while the auxiliary engines which had been used 
on the 13,500 I.H.P. trial were generally working at higher 
speeds corresponding to the higher power of the main engines, 
double the number of furnace air-blowing engines were in use, 
‘working at a considerably higher speed, besides eight fan en- 
gines, running at 150 revolutions per minute, which were in use 


on this trial only. 
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REMINISCENCES OF EARLY MARINE STEAM EN- 
GINE CONSTRUCTION AND STEAM NAVIGATION 
IN THE UNITED STATES OF AMERICA, FROM 1807 
TO 1850 (CONTINUED). 


By H. HAsweE Eso. 


[Read at the Fortieth Session of the Institution of Naval Architects, March 23, 1899. } 


Having essayed in a previous paper to give some reminis- 
cences of the construction and operation of early steam engines 
and of steam navigation in the United States, it is proper that 
any omissions in the recital given should be supplemented, in 
order that, as a record is undertaken, it should be made as full 
as knowledge and memory will permit. 

John Stevens, of Hoboken, New Jersey, applied the parallel 


motion, invented by James Watt, of England, in 1784, to guide 
the piston rod of an overhead or beam engine in the steamboat 
Phenix ; in 1809 he patented slides and a crosshead to guide 
the piston rod, and in 1817 his son, Robert L. Stevens, applied 
a cut-off to an engine by a camboard, and in 1825 he applied 
slides and a crosshead to the engine of the steamboat Zrenéon, 
connecting the crosshead to the beam by a rod with bifurcated 
ends; which design, in a few years after, was improved by the use 
of two right-line rods, as now practiced. 

Ferry boats, up to 1821, when the steamboat Hoboken was 
built, were constructed with twin hulls, a water wheel operating 
between them ; and, with the exception of one boat on the North 
and one on the East. River, they were driven by horses, and up 
to 1829 were steered by a tiller directly, and, in the absence of 
an upper or awning deck, the helm was conned by a man on or 
at the side of a wheel house. The pilots of passenger boats, 
even those running hence to Albany, New Haven and Provi- 
dence, were not protected from the weather otherwise than by a 
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temporary shield leading from the deck to their waist. All iron 
and copper bolts, nuts and rivets were hand made, the bilge and 
injection pipes were of lead, and the injection and discharge 
pipes without any side or bottom valve. 

In engines constructed prior to 1824, and even somewhat later, 
the steam and exhaust valves of condensing engines were so dis- 
proportionate to the volume of steam entering and exhausting, 
that it would be “ wire-drawn” to an extent that generated a 
very discordant sound, professionally termed “ squealing.” 

In 1822 Robert L. Stevens largely increased the steam valves 
by assigning to the single one-third the diameter of the cylin- 
der, and to the double beat a combined equivalent area. These 
latter were first introduced by him, in 1830, in the engine of the 
steamboat Mew Philadelphia. 

On the Hudson, Delaware and like rivers, the landing of 
passengers from a steamboat, when the number did not exceed 
the convenient capacity of a quarter boat, was effected by the 
launching of it, seating the passengers, and then by the attach- 
ment of a long line the boat was towed, and when the passengers 
were landed on the pier or bulkhead of the landing, the boat 
was drawn back to the steamboat by the line leading over a 
drum on a water-wheel shaft, the speed of the steamboat being 
but partly arrested during the time of the landing, and not at 
all afterwards. 

1827.—It was not until this year that there was either a dry 
dock, or a marine railway, in or on which a vessel’s bottom 
could be cleaned of barnacles, breamed or metalled. Conse- 
quently, when any one of such operations became necessary, the 
hold of the vessel was first discharged, and large blocks and falls 
were led from her tops to a pier or bulkhead at low water, and 
set taut. Then, as the tide rose, her outer side and bottom 
would be exposed, and the opportunity for all the operations 
required would be afforded. 

1830.—Up to this period green sand castings were generally 
so very rough that hammering and pickling of their outer sur- 
faces were necessary to remove the indurated or vitrified sand. 
In 1837 a condensing steam engine was designed and con- 
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structed in the United States Navy Yard, Brooklyn, having a 
cylinder 4 inches by 12 inches, with a horizontal fire tubular 
boiler, and water wheels 3.5 feet in diameter by 8 inches face, 
which was put in the gig of a sloop of war lengthened to 35 
feet, and this was the first successful essay of the practical appli- 
cation of a steam engine to a launch. Speed, 8.5 miles per 
hour.* 

1839.t—Francis B. Stevens, of Hoboken, N. J., designed the 
cutting off of steam by the addition of a second eccentric and 
rock shaft, and in 1840 successfully applied it to the steamboat 
Albany. 

On May 20, 1842, Frederick E. Sickles, of New York, U. S., 
designed and patented an “Apparatus for lifting and regulating 
the closing of the valves of steam engines,” a cut-off, termed and 
known as the “ drop valve.” The design was that of disengaging 
the stem of the steam valve (when vertical) at any assigned 
point of expansion of the steam, and the operation, whilst effect- 
ive, was primarily attended with the difficulty of the arrest of the 
valve in its descent under the pressure of the steam bearing upon 
it, and of the moderating of the resulting impact of it in its seat ; 
it was gradually and finally effected by the operation of a small 
piston in a closed cylinder, the confined air in it acting as a cush- 
ion. So perfect was the operation of this instrument, that in the 
construction of the engine of the U. S. steamer Water Witch, the 
throttle valve in the steam pipe was dispensed with, as the cut-off 
could be operated even at the initial point of the stroke of the 
piston.* 

In 1842 Edwin A. Stevens, of Hoboken, New Jersey, designed, 
patented and operated a closed fire room in the steamboat Rain- 
dow, supplied with air by a fan blower located externally, and in 
1845 the system was introduced in the U. S. steamer Mississippi.t 

In 1842 Captain John Ericsson designed the application of 
screw propeller blades to the sides of a steamboat, like to a side 
wheel with diagonal blades, operating them with two independent 


* Designed and directed by the writer. 
+ Illustrated in “ Engineering” (London), February 18, 1898, p. 219. 
t Under the direction of the writer. 
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steam engines constructed for a high pressure and many revolu- 
tions. The result was not satisfactory, and the boilers were re- 
placed with others of greater capacity, designed for a greater 
pressure. But the application of propeller blades was a disap- 
pointment ; the engines and wheels were removed and replaced 
with an ordinary vertical beam engine and water wheels with 
radial blades. 

In 1844 zinc was for the first time laid in the bottom of a ves- 
sel—in the U. S. propeller steamer Legare—with a view to arrest 
the oxidation of the plates by the consumption of the zine, and 
so successfully did the application operate, that in 1847 it was 
applied to the boilers of the U. S. steamer Princeton.* 

1844.—July 24. Henry R. Worthington, of New York, de- 
signed and patented the independent steam, fire and bilge pump 
(donkey), and in 1859 the duplex valve motor. 

On July 22, 1846, Francis B. Stevens filed a caveat in the 
Patent Office at Washington, U.S., embracing his design of pro- 
jecting atmospheric air under the wetted surface of the bottom 
of a vessel in motion, to diminish that portion of the resistance 
of a vessel commonly termed the friction of the wetted surface. 
In 1847, after experiments were made on the Delaware and Rar- 
itan canal by towing models and boats by a locomotive running 
on a track at its edge, a joint patent for the design was obtained 
by him and his uncle, Robert L. Stevens, in the United States, 
England and France; and in 1848 and 1849 they designed and 
directed the construction of the steamboat John Neilson, to which 
the elements of the patent were applied. In operation the appli- 
cation increased the speed of the vessel. 

1848.—Frederick E. Sickles designed the first application of 
a steam engine to the rudder of a vessel, and successfully intro- 
duced it in operation. 


* Designed and directed by the writer. 
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THE STEAM TRIALS OF H. M. S. AMPHITRITE. 


[Reprinted from “ Engineering,” April 14, 1899.] 


The first-class cruiser Amphitrite, of 11,000 tons and 18,000 
indicated horse-power, built and engined by Messrs. Vickers, Sons 
and Maxim, Limited, Barrow-in-Furness, underwent a series of 
steam trials in the English Channel in April, and these trials are 
specially interesting in view of the fact that arrangements were 
improvised so that the exhaust from the auxiliary machinery 
could be utilized in the evaporators for making up the feed, instead 
of being passed direct into the condenser. It was at one time 
intended to use the exhaust from the feed pumps to drive the 
circulating-pump engine, and subsequently for making up the 
feed, but the time available before the date fixed for the trials did 
not permit of the necessary alterations being made for both pur- 
poses. On the pipe between the auxiliaries and the condenser a 
loaded valve of the piston type was fitted to get a constant pres- 
sure in the exhaust pipe, which, of course, acted as a receiver, 
and the necessary connections were made from it to the evapo- 
rator. It was not considered desirable to subject the auxiliary 
engines to a higher back pressure than 20 pounds to 25 pounds 
(the pipes are tested to 50 pounds), and it was for this pressure 
that all the arrangements were made. 

On the 3,600 indicated horse-power trial, it was found impos- 
sible to maintain this pressure in the pipe receiver, as the only 
engines exhausting into it were two of Weir’s feed pumps, 
working at little more than three strokes per minute, and the fire 
and bilge pumps. The spring of the valve was, therefore, set at 
about 8 pounds load. Neither fans nor compressed-air blowing 
engines were in use in the stokehold at the low-power trial. 
Under these circumstances the experiment was discontinued 
after two hours, as it was found that the receiver pressure could 
only be maintained at 7 pounds, and as little steam was passing 
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to the evaporator, the loss in the feed water—a little over 1 
ton per hour—was not being made up. As measured at the 
feed tanks, the “ make-up” was only slightly over } ton per 
hour. Of course, the deficiency had subsequently to be made 
up, as it is a condition in the case of all naval steam trials that 
the loss during a trial must be made good, so that the reserve 
feed at the end will at least equal that at the beginning. Ex- 
cepting about } ton, therefore, the loss in the 30 hours’ trial 
was made up by using steam taken direct from the boiler, 
although for a considerable period the evaporators, as on some 
previous trials, were worked on the compound system, the steam 
passing at the point of exhaust from the one to the other of the 
two evaporators in the ship. 

As to the results of the 3,600 indicated horse-power steaming 
trials, as given in the appended table, they must be pronounced 
as very satisfactory. The coal consumption—1.54 pounds per 
indicated horse-power per hour—is the lowest recorded in any 
trial with water-tube boilers. The fuel was certainly of good 
quality, the strong wind insuring good draft was an advantageous 
element, the system of stoking regularly and moderately was 
perfect; but,in addition, it must be said that the engines worked 
very smoothly, the adjustments being excellent, while care was 
taken to insure that the circulating water did not “drown” the 
small quantity of steam passing through the condenser, so that 
the feed was maintained at a fair temperature. Again, the boiler 
casings fitted well—a point not always attended to—and the pipes 
were more extensively lagged than in the Diadem class, there 
being eighteen instead of six toris of the coating material, so 
that the loss from radiation was minimized. The cylinder jackets 
were not used. 

The power was very steady, with noticeable uniformity as be- 
tween port and starboard engines, while it was arranged that the 
high, the intermediate and the two low-pressure cylinders com- 
bined would give equal proportions of power. The engines 
were set to cut off at about 30 per cent. of the stroke, the 
links being run full in. We give the mean results in tabular 
form; and, although we have described the Amphitrite, Argo- 
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naut and Ariadne, all vessels of the same class, we may say 
that the engines have four cylinders—one of 34 inches, one of 
554 inches, and two of 64 inches diameter by 48 inches stroke. 
The high pressure and intermediate are placed as closely together 
as possible, the cranks being opposite, while the two low pres- 
sures similarly balance each other. The propellers are 17 feet 
in diameter, 21 feet pitch, with 63 square feet of developed 
blade surface in each. There are thirty Belleville boilers, the 
total heating surface in the tubes being 32,375 square feet, and 
in the economizer tubes 15,505 square feet, a total of 47,880 
square feet, while the grate area is 1,390 square feet, the ratio 
being 1 to 34.4 of heating surface. 


STEAM TRIALS. 


April 8 and 9, 1899. 
30 hours’ coal consumption at 3,600 I.H.P. 
Draught of water, forward, feet and inches...........cccsccccosssecescevossccesssvesecs 24-9 
at measured distance run, knots.........0.cscccccsssecccccsccscscsccecs 13.32 
Steam pressure in boilers, pounds per square inch..............ceeeseecseceeceeeeeees 226 
at engines, starboard, pounds per square inch..................0+ + 212 
port, pounds per square inch ............sscsessesseeeees 212 
Starboard. Port 
Mean pressure in receivers, high, 134 138 
intermediate, 32 34 
Mean pressure in cylinders, high, pounds.............2.sssseseceeeee 38.7 35.8 
intermediate, pounds................+ 15.0 15.9 
forward, low, 5.56 5.46 
We, 5.59 5.38 
Mean indicated horse-power, high.............sssscsssscscsrsssescscees 621 568 


Consumption of coal per indicated horse-power per hour, pounds. 1.54 


8 318 302 
Total 1,899 1,852 
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On the 3,600 indicated horse-power trial, however, only twelve 
boilers were in use, those nearest the engines, and in view of the 
economy it may be said that the grate area in use totalled 588 
square feet, so that the horse-power equalled 6.37 per square foot 
of grate, and the coal burnt was 9.84 pounds per square foot of 
grate per hour. 

The Amphitrite, which was under the command of Captain G. 
L. Atkinson, Captain of the Chatham Steam Reserve, steamed 
out of the Medway on Saturday morning, having been delayed 
a day owing to the gale, and anchored in Plymouth Sound on 
Sunday evening. During the greater part of the time she ex- 
perienced a strong head wind, which accounts for the log speed 
being 12.8 knots. On Sunday morning Commander Rollston 
took records of the speed on two runs over the measured deep- 
sea course between Rame Head and the Dodman. The weather 
conditions were suitable. There was a westerly wind of force 2. 

On the first run, with this breeze dead against the ship, this 
distance was covered in 1 hour 42 minutes 7 seconds, equal to 
13.51 knots; but there was a slight current with the ship. On 
the return run with the wind, but against the current, the time 
was I hour 45 minutes, equal to 13.14 knots, a mean of 13.32 
knots, which agrees with the speed on the other ships of the 
class under similar conditions. 

During the subsequent trials of the vessel the success first 
achieved was repeated. The coal consumption on the 13,500 
indicated horse-power, or maximum continuous-steaming trial, 
was only 1.43 pounds per indicated horse-power per hour, which 
is the lowest point yet touched by a vessel with water-tube boil- 
ers, and we have no such record result taken with correspond- 
ing exactitude in a merchant steamer. The rate of consump- 
tion never varied much; only two of the hourly “ chits,” as they 
are called on board, noted a higher rate than 1} pounds,-one 1.55 
pounds, and another 1.51 pounds. The stoking was done system- 
atically and intelligently, with the minimum of coal and the maxi- 
mum of distribution over the grate, and an arrangement was made 
whereby a door was not opened at more frequent intervals than 
64 minutes. Again, in “clinkering” the fires, the great bugbear 
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of the engineer, only one-third of a grate was cleaned at a time, 
and the work in a stokehold with eight boilers was equally dis- 
tributed over a watch. 

The same system obtained on the full-power trial, but instead 
of the interval between stoking through each fire door being 
about 6} minutes, it was reduced to about 54 minutes, and the 
proportion of coal increased; but as Lieutenant Norton, of the 
United States Navy, said at the Institution of Naval Architects, 
when full power is wanted in action, no one cares what the con- 
sumption is. However, there is no reason why the Amphitrite, 
or any of the ships of the class, should not repeat their trial per- 
formance as regards coal consumption as well as power. Expe- 
rience on board a succession of ships leads us to commend the 
steady improvement in the stoking. The men are “tumbling” 
to the requirements of the large-grate boiler as a consequence 
of their training. On the full-power trial of the Amphitrite, the 
consumption was 1.57 pounds per indicated horse-power, which 
must be pronounced a favorable result. As a matter of fact, she 
traveled at the rate of 518 nautical miles per day of 24 hours, for 
a total consumption of 305 tons; this for 11,000 tons displace- 
ment of ship is undoubtedly satisfactory. 

An interesting point was that no compressed-air blowing en- 
gines were used throughout the trials, and, judging from the 
results obtained, it seems that if sufficient attention is given to 
the firing, blowing engines for supplying air jets in the furnaces are 
not necessary, saving steam, and weight and space in the stoke- 
holds. This economy, too, has been partly confirmed in the 
evaporation trials on shore. Moreover, on the full-power trial 
only were the fans for supplying air to the stokeholds run, and 
even then they made but 100 revolutions or so per minute during 
the first 44 hours, and about 150 revolutions in the remaining 
34 hours, when also the stokeholds were closed down; but no 
perceptible air pressure was produced. The diameter of the fans 
is 6 feet 6 inches. It is true that on the 13,500 indicated horse- 
power run the wind was of considerable force during the greater 
part of the trial, affording good draft. 

In view of the economy which was attained, it may be stated 
25 
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that on the 3,600 indicated horse-power trial the auxiliary engines 
at work included the following: Two main circulating engines, 
one electric-light engine, two main feed pumps (the one averag- 
ing four to six double strokes per minute, and the other nine 
strokes), and two auxiliary circulating pumps, all for the 30 
hours. One of the hot-well pumps was worked for 30 hours, 
the other for 34 hours, there being a cross connection between 
the two; an evaporator pump was run for 18 and another for 21 
hours, while one fire and bilge pump was used for 15 hours, a 
second for 20, and a third for 30 hours, and the steering engines 
and ash hoists were, of course, worked as required. On the 30 
hours’ 13,500 indicated horse-power trial, the two main circu- 
lating, the electric-engine, two auxiliary circulating, and two hot- 
well pumps were worked throughout; while the four main feed 
pumps were on for 21 hours, and the auxiliary feed pumps 
during the remainder of the trial, it being the Admiralty practice 
to run part of the trial with the main and part with the auxiliary 
pumps to test both. One evaporator was worked for 23 hours, 
and another for 15 hours. The four fire and bilge pumps were 
worked for 20 hours on an average. Two fans were tried for 2 
hours at go revolutions. On the full-power trial all the fifteen 
auxiliary engines named were at work along with the eight fans. 

As to the main propelling engines, they worked beautifully. 
The cut-offs in the 13,500 indicated horse-power trial were at 64 
per cent. in the high-pressure, 65 per cent. in the intermediate, 
and 70 per cent. in the two low-pressure cylinders. On the ful- 
power trial the cut-off in the high-pressure cylinder was at 66 
per cent. of the stroke. It will be seen that the setting was 
arranged so that the high, intermediate, and the two low- pressure 
cylinders together, would give as near as possible the same pro- 
portion of power. The object of this arrangement is to insure a 
lower range of pressure and temperature in the low-pressure cyl- 
inder, and thus to reduce condensation. On each trial the feed 
water reserve had to be made up to the same level as at the be- 
ginning. On the low-power trial the effect of the working of 
the evaporators with steam taken direct from the boilers was 
marked, the rate of consumption going up about 0.15 pounds 
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per horse-power hour. Two tons of distilled water per. hour 
were then being made. As to the use of the exhaust of the 
auxiliary machinery for the evaporators, reference is made to it 
in another article in the present issue on the consumption of 
steam in auxiliary engines on warships, in connection with cor- 
responding trials in the Vindictive. The main purpose of the 
Amphitrite’s trials was to conform to the specification, and the 
improvised and somewhat hastily-prepared arrangements for the 
exta test somewhat affected the success of the experiment. 

No trouble was experienced with the boilers. After the thirty 
hours’ trial at 13,500 indicated horse-power, it was found that 
one square feed collector, which extends across the front of the 
boiler at the bottom of the elements of tubes, was slightly lami- 
nated; but we mention this only to show with what facility 
repairs or changes can be effected in the boilers. There was a 
spare feed collector, and it was substituted for the other, partly 
while the vessel was doing her gun and circle trials. Several of 
the fusible plugs, fitted in the junction boxes of the elements, 
came out during the full-power trial, probably due to the di- 
ameter being rather large. 

The appended table gives the mean results including pres- 
sures in the receivers and cylinders, as well as the powers, for 
both 13,500 indicated horse-power and the full-power trials. 
On the first-named trial the power varied from 13,169 to 14,085, 
and at the eight hours’ trial from 18,062, the rate for the first 
two hours, to 18,443 indicated horse-power, the aim being not 
to exceed the designed rate to any great extent. 

The total weight of the machinery complete is 1,550 tons, and 
of boilers 757 tons, and it may be interesting to note that on the 
full-power run the power developed was equal to 24 units per ton 
of boilers, and to 11.7 indicated horse-power per ton of ma- 
chinery. The fuel consumption was at the rate of 19.8 pounds 
per square foot of grate, and the power developed equalled 13.1 
per square foot of grate, while the heating surface per unit of 
power is 2.62 square feet. It may be added. that on the occa- 
sion of evaporative trials on shore with two of the boilers, the 
coal burnt per square foot of grate was at the rate of 30.38 
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grees Fahrenheit being 11.45 pounds. 
300 pounds. 


RESULTS OF STEAM TRIALS. 
First trial. 
April 12 and 13, 1899. 
30 hours’ coal consumption 
at 13,500 I.H.P. 
24-3 
26-3 


Draught, forward, feetand inches, 
Draught, aft, feet and inches..... 
Speed of ship, nautical miles per 


19.73 on measured course, 
19.52 by log. 
Steam pressure in boilers......... 252 pounds per square 
inch; reduced steam, 
240 pounds. 
Air pressure in stoke holds....... Nil. 


Vacuum in condensers, inches...............0se00e0+ 25.8 

Mean pressure in receivers, high, pounds,,,.......... 233 
intermediate, pounds, | 77 


low, 13.2 
Mean pressure in cylinders, high, pounds.,.......... | 89.8 
intermediate, pounds., 36.2 
forward low, pounds,.| 13.2 
aft low, pounds....... 13.5 
Mean indicated horse-power, high...................+. 2,208 
intermediate...........| 2,364 
forward low........... 1,149 


aft low 


Grand total 
Consumption of coal per indicated horse-power 

per hour, pounds 
Tota], pounds 


pounds per hour, and the water evaporated 9.37 pounds, the 
equivalent evaporation per pound of coal from and at 212 de- 
The steam pressure was 
This trial was of four hours’ duration. 
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Second trial. 


April 17, 1899. 
8 hours’ full power at 


20 


18,000 I.H.P. 
24-3 
26-3 


.78 mean of four 


runs, 20,94 by log. 


279 pounds per square 
inch ; reduced steam, 


254 pounds. 


Nil. 


First trial. | Second trial. 


2 26.2 26.3 
.6| 122.4) 121.2 
246 
87 
5 18 18 
2} 103 102.6 
44 443 
I 17.2 16.6 
2 16.8 17 
2,779 2,736 
35155 | 3,147 
1,638 1,569 


Nature of 
| Star- Star- | 
| board. | Port. | board, | Pott. 
| 26 
IIo 
| 231 
| 76 
| 36 
| 433 
| 2,174 
| 2,355 
1,130 
1138 | 1,608 1,606 
Tota] 6,398 6,797 9,171 9,058 
| 13,695 | 18,229 
} 
1.43 | 1.57 
| 228,360 587,760 
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HOURLY RECORD ON EIGHT HOURS’ FULL-POWER TRIAL. 


Steam 
pres- 
sure. 


‘ 


Revolutions. 


Star- 
board. 


| 
| Port. 


120.6 
120.9 
120.8 


Indicated horse-power. 


Total. 


18,062 
| 18,062 
18,113 
| 18,308 
| 18,333 
18,443 
18,264 


Consumption of coal 
in pounds, 


Per 1.H.P. 


Per hour. per hour. 


31,680 
32,640 
29,040 
26,640 
28,080 
29,520 
29,040 


SN OMS WN 


| 18,249 | 21,720 


18,229 | 


28,545 


We supplement our record of means by the subjoined table, 
giving the hourly records on the eight hours’ full-power trial, 
the results showing the remarkable uniformity of the running of 
the main engine; it will be noticed that the variations between 
the starboard and port are almost within the limits oferror. The 
coal consumption, as was to be expected, was rather high at the 
beginning of the trial; the men had not quite settled down to 
their work. It should also be stated that the evaporators made 
a large volume of water during the trial. 

Stopping, starting and reversing trials were made on Saturday. 
With the steam gear the time taken from full speed ahead to stop 
was 39 seconds with the starboard, and 20 seconds with the port 
engine; from stop to full speed astern 8 seconds and 10 seconds 
respectively, and from full speed astern to full speed ahead 10 
seconds with each engine. With the hand gear both engines 
were stopped in 1 minute and 36 seconds, and the complete change 
from astern to ahead was made in 65 seconds. The reversing gear 
is slightly different to that fitted in the Vzode, and is much more 
rapid in its action. In addition to that, on account of the defects 
which have been reported in connection with the working of the 
Niobe, the pipes supplying the receivers from the starting valves 
have been considerably increased in size. A series of trials were 


= 
— 
board. | 
279 | 9,033 9,029 1.75 
280 121.4 | 9,032 9,030 1.81 
282 122.1 | 9,162 8,951 1.60 ; 
280 123.0 | 121.4 | 9,286 9,022 1.46 
277 122.3 | 120.9 | 9,181 9,152 1.53 
276 123.6 | 122.0 | 9,318 9,125 1.60 
280 122.6 121.1 | 9,169 9,095 1.59 
277 123.2 | 121.9 | 9,186 9,063 1.19 
Mean....... 279 122.4 | 121.2 | 9,171 | 9,058 | | 1.57 
} 
‘ 
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madein the Amphitrite with the engines in almost every possible 

_. position, and with the vacuum in the condenser purposely broken, 
in order to test the facility of handling. So far as could be ascer- 
tained during the trials, extending over two hours, there was no 
position in which the engines would not start almost immedi- 
ately, either ahead or astern as required. 


SPEED TRIALS OVER THE 23 KNOTS MEASURED COURSE. 


APRIL 12, 1899. (13,500 INDICATED HorsE- Power.) 


Revolutions 


Course. 


per minute. | 


| Number of run. 
| Time for 23 


Dodman to Rame Head 
Rame Head to Dodman 
Dodman to Rame Head 
Rame Head to Dodman 


Mean of means 


APRIL 13, 1899. (13,500 INDICATED HorsE- Power.) 


48 | Dodman to Rame Head 
50 | Rame Head to Dodman 
42 | Dodman to Rame Head 
28 | Rame Head to Dodman 


Mean of means 


Mean of mean speed for Nos. 1 to 4 19.55 knots. 
Mean of mean speed for Nos. 5 to 8 19.73 knots. 
Mean of mean speed for Nos. 1 to 8 ; 19.64 knots. 


APRIL 17, 1899. (FULL Power.) 


67 41 | Rame Head to Dodman 18.8 
65 46 | Dodman to Rame Head 17.5 
66 46) Rame Head to Dodman 18.3 


66 1 Dodman to Rame Head 17.9 


18. 


As to the speed of the ship, eight runs were made over the 
measured course between the Dodman and Rame Head. On 
the 12th the weather conditions were most unfavorable, as wili 


| E | | 
| 
| 
| 
‘ min. ‘see. r | mean. knots. | per ct. 
112.4 | 19.15 | 17.8 
| 
6 | 67 | 20.34! 13.6 
8 | 71 111.4, 19.30 16.5 
I 
2 
3 
4 
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be seen by the results in the table appended. Although the 
revolutions on the four runs varied little, there was a great differ- 
ence in the speeds recorded, and, consequently, in the slip of the 
propeller. There was a southwesterly wind, which steadily in- 
creased in violence, unduly increasing the third and decreasing 
the fourth run, when the wind was of force 6, so that the slip was 
high. Running 120 miles beyond the Scilly Isles, when a heavy 
sea and a high wind shook the ship up a bit, a young shark 
about 3 feet long came aboard with one of the seas over the fore- 
castle. On the 13th the ship again ran the measured course, 
although the weather conditions were not much better; but for 
less revolutions than on the preceding day, the speed was 19.73 
knots instead of 19.55 knots. The wind was from the N.N.W., 
and on the first two runs was of force 2, and on the third and 
fourth of force 4. 

On the full-power trial the same course was run four times 
under favorable weather conditions, the sea being calm with a 
genial sunshine. On the first and third runs the southwest wind 
blowing (force 2 to 3) was against the ship, and on the first run 
there was also a slight current against the vessel. The mean 
speed recorded, it will be seen, is almost exactly that anticipated 
by the design, 20.75 knots for 18,000 indicated horse-power. The 
20.78 knots was got with a mean of about 18,280 indicated 
horse-power. 
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STEAM CONSUMPTION OF AUXILIARY ENGINES 
IN WARSHIPS. 


[Reprinted from “ Engineering,” April 21, 1899. ] 


The use of higher steam pressures on our warships has, as was 
to be expected, given rise to a number of problems in the details 
of marine machinery of a more or less difficult character, and the 
profession is to be congratulated upon the energy and persever- 
ance with which the search for solutions is being pursued. We 
have time and again pointed to the fact that such an advance as 
from 150 pounds and 180 pounds to 280 pounds and 300 pounds 
pressure necessarily involved the discovery of difficulties, for the 
road to success is obstructed by failures, and it is satisfactory to 
find Sir John Durston, the Engineer-in-Chief of the Navy, on the 
one hand, and the experienced engineers of the Admiralty con- 


tractors on the other hand, ready and anxious to conduct steam 
trials under various conditions in order to arrive at truth. Wedo 


not speak now of the boiler question, nor of the economy of the 
water-tube boiler. The latter may not be perfect—science knows 
- no limitations; but it undoubtedly confers important advan- 
tages, tactical and otherwise. These advantages need not again 
be enumerated here, but in view of the recent accident on the 
Terrible, it may be as well to point out that it has never been 
claimed seriously that salt water can be used constantly, or for 
any great period of time, in the water-tube boiler of the Belle- 
ville type, or, indeed, of any other. The same remark applies 
to boilers of the cylindrical and all other types, and evaporators 
and distillers of ample capacity are provided on our vessels for 
making up the losses of feed water, which necessarily occur 
during regular work. 

On steam trials the nitrate of silver test is applied to the feed 
water to determine if there is any leakage in the condenser, or 
any other possible sources of contamination with salt water, and 
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the engineer of the ship in command is expected every watch 
to use his hydrometer for the same purpose, so that the presence 
of sea water may be detected. There have been cases before 
now of the auxiliary feed being opened from the sea to make up 
a shortage—doubtless, without the engineer’s knowledge; and 
the wise precaution is now being taken to have no direct con- 
nection between feed pump and sea to the boilers, any sea water 
required being admitted in the engine rooms. This precaution 
will certainly be effective. 

In one of the cruisers of the Arrogant type the bursting of 
three solid-drawn tubes was caused by deposit, probably due to 
the use of salt water, but these failures involved no damage, be- 
cause the furnace doors were not opened. It may be noted that 
a failure of this kind is not so much a question of welded vs. 
solid-drawn tubes—although the latter are to be preferred—as 
of avoidance of deposit in the tubes. In the Zerrid/e the saline 
density of the feed was, for some reason or other, four or five 
times that of sea water. But even if a tube gives way, there is 
usually some warning by the partial leakage of steam, and the 
commendable course is then to shut the stop valve and open the | 
safety valve of that particular boiler; but certainly not to open 
up the furnace. If such action be taken, experience has shown 
that there is no danger to life orlimb. But, in addition, it must 
be remembered that disasters due to a similar cause have befallen 
the cylindrical boiler, and such mishaps would occur with prac- 
tically any form of boiler worked under a high pressure, if sea 
water were used for any lengthy period. Moreover, there is in 
the case of the cylindrical boiler no such easy means of averting 
danger, as indicated in connection with water-tube boilers, as, 
owing to the greater volume of water and steam contained in 
boilers of the former type, the opening of the safety valve has 
not the same immediate action as it has in the case of water-tube 
boilers. 

But, as we have already hinted, our present purpose is to notice 
rather some of the machinery difficulties, which are discovering 
themselves at frequent intervals in connection with higher pres- 
sures, and to record the combined efforts of the Admiralty, and 
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the contractor to overcome them. The experiments on the Ar- 
gonaut constitute a case in point, and here it was determined that 
there was a loss resulting from the use of jackets in powers over 
about one-fourth of the maximum. On the trials of the Amphi- 
trite, which are dealt with elsewhere, no jacket steam was used at 
any power. We hope soon to be able to supplement the Ar- 
gonaut’s results with some experience of jacketing and non- 
jacketing at one-tenth of the total power, and we shall then con- 
sider the whole matter further. But the general question of the 
consumption of fuel is still under consideration. It is true the 
Amphitrite has excelled in this respect over all previous ships, and 
the contractors, Messrs. Vickers, Sons and Maxim, Limited, 
have broken the record formerly established by their own ship, 
the Miobe. Good coal, efficient and economical engines and 
careful stoking, with the minimum of auxiliaries in use, largely 
explains the result. The aim, and we may add also the diffi- 
culty, of training stokers, is to prevent the men firing too vigor- 
ously. Threeor four shovelfuls through each door every five or 
six minutes suffices, but the old system of filling the furnace 
full and then having a long rest has its fascinations for the stoker, 
although the new method is not nearly so exhausting. 

It has been proved by water test on the Argonaut that the con- 
sumption of the auxiliary machinery is 22 per cent. of the total 
consumption with the main engines working at one-fifth power 
and 10.4 per cent. when the main engines are developing three- 
fourths power, but it would not reach such large percentages on 
the Amphitrite, as she had not the same number of auxiliary en- 
gines in use, there being no fans or compressed air blowing en- 
gines working. The water, however, was not weighed or meas- 
ured during the Amp/utrite trials, so that separate results cannot 
be given now. Experience, however, shows that the auxiliary 
engine steam consumption of the Argonaut was not by any means 
excessive for vessels of her class. In the cruisers Arrogant and 
Furious, second-class ships of 10,000 indicated horse-power, the 
auxiliary engine consumption at certain powers was from 35 to 
50 per cent. of the total. This was ascertained in the Arrogant 
by using separate boilers for auxiliary purposes only, leaving the 
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others for driving the main engines. The actual results are 
worth giving here. The trial was of thirty hours’ duration, and 
was suitably divided so as to ascertain not only the relative con- 
sumption of the main and of auxiliary engines respectively, but 
also to arrive at the effect of various pressures and cut-offs in the 
high-pressure cylinder. 


Coal for | Coal for 
main auxiliary 
engines. engines. 


| 
| Cut-off in Indicated 


h orse-power. 


cylinders. 


| per cent. pounas. pounds. 
2,096 
2,147 
2,086 
2,229 
2,240 
2,312 
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In the first two periods the main feed engines, main circulat- 
ing engines, furnace-blowing engines and hot-well pumps were 
worked from the boilers driving the main engine, and not sepa- 
rately, so that there seems a better economy from using a lower 
pressure of steam—155 pounds and 160 pounds—in the auxili- 
ary machinery. Of course the coal for auxiliary purposes is 
given on the basis of the power developed by the main engines, 
and thus varies from about 40 to 50 per cent. of the total. 

The efficient lagging of the hot surfaces was about the first 
point to which attention was turned, and a gain was attained by 
reducing the radiation from such surfaces, one of the constant 
losses. As we have pointed out already, the Amphitrite has 
eighteen tons of such lagging. Experience further showed that 
the loss from condensation and radiation was considerably re- 
duced by working auxiliaries at from 150 to 200 pounds, instead 
of 300 pounds, and reducing valves are fitted in many cases to 
effect this object on the auxiliary as well as the main system. 
It is intended also to compound all the auxiliary engines, fire 
and bilge pumps; the circulators are already in many cases 
compounded, and all will be so in the future. The hot-well 
pumps will be compounded, as well as the auxiliary circulating 
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pumps. The fan engines will not be compounded, as they are 
not often in use. Messrs. Weir, the makers of the well-known 
feed pumps, have under consideration the idea of working their 
pumps in series with other pumps. Mr. J. Weir, from his great 
experience, is not inclined to the view that a crank pump will 
be as efficient as the simple pump, or that a double pump can be 
worked expansively, owing to the great pressure that they have 
to overcome—550 pounds. However, one is being made for 
experiment, but it is not improbable that the methods now under 
consideration at the Admiralty for utilizing the exhaust steam 
will render any change in the feed pumps unnecessary. 

One of the proposals is to utilize the exhaust steam from all 
auxiliaries for making up the loss in feed water, and this steam 
will also be passed into the low-pressure cylinder receiver. This 
is done in the merchant service; but there the speed is fairly 
constant from the time of starting to the end of a long voyage; 
whereas, as Kipling has put it, a “‘man-of-war must always have 
2 or 3 knots up her sleeve in case the Admiral demands a spurt ; 
she must also be ready to drop 3 or 4 knots at the wave of a flag, 
and on occasion she must lie still and meditate. This means a 
varying strain on all the mechanism and constant strain on the 
people who control it. I counted seven speeds on one watch, 
ranging from 8 to 17 knots.” This variation is an element in 
the problem under consideration, as the inlet of steam to the low- 
pressure cylinder receiver would have to be regulated; but it is 
interesting to recall that Mr. McKechnie, now of the Barrow 
Works, thus utilized the exhaust steam in the case of the three 
belted cruisers he engined at Bilbao for the Spanish Navy five 
years ago, and no trouble was experienced. 

The utilization of the exhaust from the auxiliaries for evapo- 
rators, however, offers a more promising improvement, and before 
describing what has been done in this direction, it may be stated 
that in the Amphitrite a back pressure was kept in the auxiliary 
exhaust system to ascertain the economy when thus worked, as 
compared with the usual conditions—260 pounds on the one side 
and a vacuum on the other. So far as observation went the 
altered conditions did not appreciably influence the economy. 
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That was on the trial at 13,600 indicated horse-power, the re- 
sults of which are given on another page of the present issue. 
After a few hours’ trial under these conditions, the system for 
utilizing the exhaust for the evaporators was put into use. The 
installation was ordered for the Amphitrite at the last moment, 
and in view of the haste the arrangement was, perhaps not so 
carefully worked out as might otherwise have been the case. 
Two non-return piston valves were fitted in the auxiliary ex- 
haust service as far aft in the system as circumstances permitted, 
and were controlled by a spring, so that the pressure on the for- 
ward side could be regulated. Forward of each valve a branch 
was taken to the evaporator to supply the usual coils, the pres- 
sure being maintained by the valve, which also served for escape, 
permitting direct passage to the auxiliary condenser in case of 
any sudden increase of pressure in the pipe. The vapor pipe from 
the evaporator was branched into the main condenser, so that 
the evaporator could be worked on a vacuum. It was hoped 
that with steam at 20 pounds pressure in the heating coils and 
10 inch vacuum in the evaporator, there would be sufficient dif- 
ference of temperature to allow the production of the necessary 
make-up in the ship. So far as could be seen while the appara- 
tus was in use, the make-up obtained was very nearly, although 
not quite, that got from the evaporators when they were work- 
ing compound. But the experiment on the 13,600 indicated 
horse-power run of thirty hours had to be brought to a conclu- 
sion on account of the giving out of the cover joint on one of 
the auxiliary air pumps. This involved the whole of the work 
being done by one auxiliary air pump, and as it was not deemed 
desirable by the Admiralty officials on board to interfere unduly 
with the contractors’ trials, the experiment was discontinued. 

This was more readily agreed to, probably, as in the cruiser 
Vindictive trials were being carried out exclusively to determine 
‘the efficiency of such an arrangement. Moreover, longer time 
was allowed for fitting apparatus, and the system made more 
perfect. What we may call the back-pressure valves were in 
this case placed at the auxiliary condenser, so as to deal with the 
steam from all the auxiliary engines. In the case of the Amphi- 
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trite the exhaust steam for the steering, electric, and other ma- 
chinery was not trapped, and thus, while on the 3,600 indicated 
horse-power trial only 7 pounds pressure could be got, and only 
12 pounds on the 12,500 indicated horse-power trial, a pressure 
of 25 pounds was easily maintained on the Vindictive, the result 
being most satisfactory. 

The results in both ships show that the arrangement is worth 
trying, but the evaporators may possibly require to be increased 
in capacity, and it may be that a vacuum will be dispensed with 
altogether in the auxiliary condenser system. The evaporators, 
at present, it is interesting to note, are proportioned: in capacity 
according to the total power of the propelling engines, the pre- 
cise ratio of surface being left with the makers. The steam pres- 
sure available for working the evaporators would, with the new 
arrangement, probably be 20 pounds to 30 pounds instead of 
200 pounds as at present, and it remains to be seen what effect 
the increased surface thus rendered necessary will have on the 
size and weight of the evaporator plant. At present a first-class 
cruiser of 18,000 indicated horse- power has an evaporative capacity 
of go tons per 24 hours when working the evaporators separately, 
and 56 tons when using them compound. In the case of a sec- 
ond-class cruiser of 10,000 indicated horse power, the evapora- 
tive capacity amounts to 50 tons and 30 tons per hour under the 
two conditions named, and in a third-class cruiser of 7,000 indi- 
cated horse-power to 38 tons and 24 tons respectively. There 
seems a constant proportion of make-up required, irrespective of 
power developed; the amount is only partly proportionate to the 
power. Even if the engines are standing, water is being lost. In 
the Amphitrite the loss was about 1} tons per hour at 3,600 indi- 
cated horse-power, 1} tons per hour at 13,500, and considerably 
more at full power, the major portion being apparently a constant 
quantity, but a leakage was discovered subsequently in an escape 
valve on the hot-well pump, which probably led to a considerable 
part of the increased loss at full power. 

Another factor in economy is the method of fitting piston 
rings. With the ordinary split rings it has been found that the 
steam gets behind the piston rings, and at the high pressure they 
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were pressed out to such an extent that the cylinder walls were 
cut and worn too rapidly, the bore in one case, we believe, being 
increased } inch in diameter in six weeks. Solid pistons were 
next tried, but they became wasteful, as, after a time, they allowed 
steam to pass. Sir John Durston has now adopted a restrained 
ring. It is a split ring which can only open to a certain extent. 
It consists of a solid carrier of cast iron, with two split rings 
of hard bronze, fitted with a lip or indent. A small clearance is 
allowed between the carrier and the split rings, so that the latter 
can expand, but not beyond the clearance allowed. In working 
it acts as an ordinary loose ring; but it very soon begins to 
wear the cylinder. The wearing effect steadily diminishes until 
a perfect fit is worked—usually at the point when there is still 
only very little clearance left for expansion. But if there should 
subsequently be leakage past the piston, a little can be scraped 
off the clearance to allow the ring to expand a little more. This 
arrangement is now being fitted to all pistons, whether in the 
main or in the auxiliary machinery. Piston valves are neces- 
sarily used in all auxiliaries, owing to the high steam pressure, 
and this enhances the importance of a satisfactory piston ring. 

A word may be said, in conclusion, as to driving the auxili- 
aries by electric motors. On the general subject we have already 
written, and it need only be said that the ventilating fans, the 
capstans, and the ash hoists are to be run by electric power in 
some of the new ships, and boat hoists are to be worked by hy- 
draulic power in some of the new battleships. And, further, it 
must be mentioned as significant that Weir’s steam-feed pumps 
are being adopted in increasingly large numbers in electric 
stations, where, if anywhere, electric drive would be preferred to 
steam if wasteful. 
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COMPARATIVE THERMAL EFFICIENCY OF STEAM 
ENGINES AND DIESEL MOTORS. 


By E. D. MEIER. 


[Reprinted from the “ Sibley Journal.’’] 


In the January number of the “ Sibley Journal” is found an 
instructive article by Professor R. H. Thurston, of Cornell Uni- 
versity, concerning the thermal efficiency of steam engines. Pro- 
fessor Thurston refers to the diagram by Captain H. R. Sankey, 
Secretary of the British Institution of Civil Engineers, in which 
he compares the exceptionally economical Leavitt engine of the 
Louisville, Kentucky, Waterworks, with the performance which 
would be possible could the Rankine idea be reached. Rankine 
first proposed this ideal cycle on January 17, 1854, and Clausis 
describes the same cycle in 1856, quite independently of Ran- 
kine. In short, the Rankine cycle takes in all the usual activities 
of the steam engine, but takes account only of those losses which 
are in their very nature inseparable from the cycle. All those 
vexations and costly losses which even the best practice does 
not now nor ever can eliminate from the problem, and which may 
be classed under the general heads of “ radiation” and “ friction,” 
are in this ideal cycle considered as non-existent. In Professor 
Thurston’s paper the comparison is made on an equal output in 
effective work. This I have changed for the purpose of better 
comparison in this case, by beginning with an equal expenditure 
in heat units at the beginning of the cycle, thus showing the dif- 
ference in the output, in place of in the original total expenditure 
of heat. For the careful elaboration of these diagrams, credit is 
due to Mr. A. J. Frith, M. E. 

In the case of the Diesel engine I start also with the same total 
expenditure in heat, and trace the flow of this “broad river of 
heat” through the entire cycle, showing the losses as actually 
found from a number of tests made on a 20-horse-power Diesel 
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motor at New York. While there is every reason to believe 
that ina larger Diesel engine the losses both from radiation and 
from friction will show a smaller percentage of the total heat ex- 
pended, still it would be unfair and unwise to bring into the illus- 
tration any merely theoretical deductions. It is better to show 
the facts as they are, and I content myself simply with pointing 
out that we are really comparing a 600-horse-power steam en- 
gine with a 20-horse-power Diesel motor. Every fair-minded 
engineer will concede that for a larger unit the advantage would 
be greater for the Diesel engine. It is but proper to remark that 
at the present writing no Diesel engine larger than 150-horse- 
power has yet been built, although units of 300 and 400 horse- 
power are now in process of designing. No special difficulties 
are apprehended, and the advice of such eminent authorities as 
Lord Kelvin and Professor Hartmann is in every way favorable 
to the larger units. 
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The first diagram shows the reproduction of Captain Sankey’s 
original graphic representation of the actual results obtained dur- 
ing the test of the Leavitt pumping engine at Louisville. 

As Professor Thurston says: ‘“ This is a very exceptionally 
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good illustration of thermo-dynamic action, and the wastes are 
very much smaller than are commonly observed in the operation 
of even good classes of steam engines.” 

The entire river of heat with a discharge of 183,600 heat units 
per minute flows from the fire grate. To the right is seen the 
loss by radiation in the boiler itself. But about three-fourths of 
the entire flow turns toward the steam pipe. Considerably over 
one-fifth, however, flows toward the left, toward the economizer, 
where it loses again by radiation, but is re-enforced by a brook 
coming from the hot well through the feed pump, and is further 
joined by a rivulet of returned heat from the jacket water, alto- 
gether forming a tributary of no mean size, joining the stream 
flowing into the steam pipe. Here again, at the bottom the small 
rivulet escapes through radiation, but the main body passes on 
into the engine, where we have the smaller losses by the stream 
which runs into the jackets, the other which represents the 
mechanical friction in the engine, and the third, the radiation. 
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By far the larger stream, however, is lost in the exhaust steam. 


In passing through the condenser, however, a small brook is 
diverted toward the feed pump to again do useful work, as above 
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described. We have then (in the upper right-hand corner of the 
diagram) left but the small fraction of 25,390 heat units, or say in 
effective work 600 brake horse-power, which represents only 13.83 
per cent. of the total which is given to the engine; or, as it is 
customarily expressed, this most excellent engine plant, repre- 
senting the highest development of modern steam engine practice, 
has realized an absolute efficiency of only 13.83 per cent. 

The second diagram shows the same plant running on Ran- 
kine’s ideal cycle. In this, friction and radiation are swept away 
by one happy stroke of the imagination. While a larger stream 
of heat is diverted to the economizer, this has become so effective 
that it allows only a small current to escape towards the chimney. 
In fact, this represents less than 8 per cent. of the original volume 
of flow. From the economizer a much larger stream, augmented 
by the brook flowing from the hot well, reenters the boiler, so 
that a total of 178,400 heat units enters the steam pipe, more 
than a quarter of which does useful work on the pistons. But 
the other three-fourths finds its way, as before, to the condenser. 

In the stream which finally turns our wheels we find 48,000 
heat units, giving us 1,130 H.P.; or the absolute efficiency of the 
Rankinized engine is 26.2 per cent. This, then, we may consider 
as the ideal possibility in steam engine practice, towards which 
we may strive but which never can be reached, because we can- 
not dispose of radiation and friction as easily as we have done 
on paper. 

The third diagram shows Captain Sankey’s method applied to 
the Diesel motor, with the same broad river of heat, having a con- 
stant flow of 183,600 B.T.U. per minute. The bulk of this enters 
the cylinder on its working stroke, but we have before lost more 
than thirty per cent. from three causes: The one is the actual 
negative work done in compressing the fresh air of the charge in 
the main cylinder, and which represents 30,700 B.T.U. A very 
small stream is the heat expended in compressing air in the air 
pump, and a third stream, aggregating 22,500 B.T.U., represents 
the loss by cooling, which flows into the jacket water during the 
period ofcompression. The two losses first mentioned flow back 
again into the cylinder during the period of combustion in the 
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working stroke, so that we find their total at 161,100 B.T.U. But 
during combustion we lose again, as shown in the upper left- 
hand corner, a large stream of heat which flows into the cooling 
water of the jackets during this period of combustion, so that the 
final and total loss of heat which has flowed into this cooling 
water amounts to 35.4 per cent. of the total flow. Directly up- 
ward is shown a stream of heat amounting to 27.4 per cent. of 
the original flow, which we lose in the exhaust gases. To the 
right a good-sized stream, representing 37.2 per cent., flows into 
indicated work. From this, however, we lose a large amount, 
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viz: 18,500 B.T.U., in engine frictions. Comparing this with the 
loss shown in the first diagram of the Louisville engine, this 
stream looks very large. In explanation, however, we must re- 
member that the steam engine has four effective or motor strokes 
to one in the Diesel engine. As the latter has to do its whole 
work in this one stroke, while the frictions retard it in the whole 
four strokes, it would be entitled to a percentage loss four times 
as great as that of the steam engine, without being subject to 
criticism as a mechanically inferior device. Furthermore, the 


Uy, 
/ 
— Peacentaces — 
| 


EFFICIENCY OF STEAM ENGINES AND DIESEL MOTORS. 401 


total stream of heat on which this percentage is to be figured is 
more than double as large as that which flows into the steam 
engine. If, then, this outflow in friction should appear eight 
times as large in actual quantity as that from the steam engine, 
it could not be considered abnormal. 

Finally, we find a broad stream with a flow of 49,500 B.T.U. 
in the effective work of the engine, a total of 1,485 H.P., or the 
Diesel motor has shown 28 per cent. absolute proficiency. I 
must here remark that this 28 per cent. represents a fair average 
from a large number of tests, while I might have chosen an 
extreme case which shows over 30 per cent. But I prefer to 
illustrate in this manner results which we have very frequently 
obtained and feel confident of being able to reproduce and even 
to excel in all our engines. 


_ The fourth diagram shows a comparison of the three engines, 
by a representation of areas simply. In each case the large 
rectangle represents the total of 183,600 B.T.U., with which each 
engine is charged. The smaller shaded portions of the three 
rectangles show in each case the return made. The rectangles 
are marked “ L” for the Leavitt engine, “R” for the Rankine 
cycle and “D” for the Diesel motor. This shows at a glance 
that the Diesel motor has in actual practice far outstripped the 
theoretical possibilities of the steam engine. 
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Turning again to the third diagram, let us examine where fur- 
ther savings can be effected in the Diesel motor. The engine 
frictions will no doubt be reduced in larger engines, and here is 
offered a good opportunity for the ingenuity of the designer and 
the skill of the mauufacturer, but after all the field is a rather 
limited one. 

The next loss, that through the exhaust gases, can in many 
cases be very largely reduced by utilizing this heat for heating 
water or even producing steam for the heating of work rooms, 
or for various mechanical purposes. The largest loss, that shown 
toward the left, as the total loss to the cooling water, can also 
in many cases be utilized for the same purposes, and it is simply 
a question of temperatures and quantities whether these two 
streams are to be separately utilized or first combined. 

These, however, are questions which can only be discussed 
here in a general manner, the solution in each case depending 
on the various local conditions of the problem. If, however, we 
may assume that in most cases we can utilize one-half of this 
waste, we would thereby nearly double the absolute efficiency 
of the entire plant. In a measure these collateral economies 
have the same right to be considered as those obtained from the 
economizer, condenser and steam jackets in the steam engine, 
and in this connection the Diesel engine has the comparative 
advantage that these streams of loss flow at higher temperatures, 
and can, therefore, in practice be more readily utilized. 
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REMARKS ON THE INCREASING FREQUENCY OF 
FAILURE OF PROPELLER SHAFTS. 


The following article from “ The Steamship” calls attention, as 
have several other articles which have appeared in recent publi- 
cations, to the question of propeller-shaft proportions and the 
causes of failure of this part of the machinery of steamships. The 
trend of the paper is to exhibit the comparatively light shafting 
given the economical leviathan tramp steamers of to-day; and 
while this undoubtedly conduces to disproportionate danger, and 
is wisely made prominent as a danger element, it has always ap- 
peared to us to be a graver fault that merchant steamship lines 
do not place a mileage limit on the tail shafting of their vessels, 
and after a certain number of thousands of miles have been made, 
replace these sections with spare in advance of any indications of 
distress. The removed section could probably be treated so that 
it would recover from its “fatigue” and be ready for efficient ser- 
vice when its turn again came. 

With war ships, spare sections should be included in the orig- 
inal outfit, and would be a cost of small moment then. The 
irregularity of the voyages made by this class of vessels and the 
frequent and long periods spent at anchor, would make the safe 
limit, as far as the “fatigue” idea is concerned, incomparably 
longer than that of merchant-ship shafts ; but spare sections are 
sometimes highly desirable to substitute for other reasons, and 
if the construction and installation of this part of the machinery 
is made with the view of a ready replacement, the original invest- 
ment would soon be seen to have been wise.—Eb. 

The loss of the Westmeath has aroused public attention to the 
alarming increase of frequency of accidents to the propeller 
shafting of steamers. Much is being said and written on the 
subject, and there appears to be a general consensus of opinion 
that something can be done, and must be done, to reduce this 
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growing danger to lifeand property. The subject is many-sided 
and beset with difficulties, and it is one which seems to call very 
specially at the present time for ventilation and discussion by 
members of the Institution, who are more or less acquainted 
with its practical and theoretical bearings. No attempt will be 
made in this short paper to deal in detail with the various causes 
assigned by different persons for the frequency of such accidents ; 
but a few general observations will be offered for the express 
purpose of provoking a discussion, which it is hoped may have 
good practical results. It is very likely that in the selection of 
the material of steamers’ shafts, as well as in its forging and fin- 
ishing, notwithstanding the extreme care usually exercised, still 
greater vigilance and more crucial tests might be applied to ad- 
vantage. Or perhaps steel-drawn tubes may be adopted for 
shafting, in preference to iron-forged shafts, with some gain of 
strength and fitness. Or hydraulic-forged ingot steel, or Whit- 
worth fluid-compressed ingot steel, may be preferably used for 
tail-end shafts. 

The employment of hollow steel shafts of enlarged diameter 
between bearings, and of more widely spaced and fewer bearings 
than usual, may be increasingly resorted to. And it is, perhaps, 
not improbable that a means of running water through hollow 
steel shafts without corroding them may be found, in which case 
the water core would serve to keep the bearings cool, and at 
same time would greatly stiffen a thin, hollow shaft. It is also 
possible that further improvements might be made in methods 
for preventing the mischievous effects of corrosion and galvanic 
and chemical action on the outer skin of the shaft, and in the 
disposition of the shafting’s supports and couplings, and gen- 
erally in the details of their fittings throughout; for, though in 
these respects much has been done to attain perfection, no one 
will claim that perfection has been attained. It is indisputable 
that the commonest cause of accidents to shafts is the ship run- 
ning light with propeller partly immersed. Indeed, this has been 
so long and so increasingly obvious, that serious suggestions 
have been and are being put forward to obtain legal powers to 
enforce observance of a limitation of lightness, as strictly as the 
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limitation of loading is now enforced. Perhaps a more practicable 
proposal would be, that the Board of Trade should see that the 
shafts of steamers designed to run light as well as laden should 
be made stronger than for ships designed to run at a more nearly 
constant displacement. But whatever may be urged in support 
of superior forging and improved fittings of shafting, or in favor 
of limiting by law the lightness of the ship’s draft, it does not 
seem evident, on the face of things, that there has been any 
recent change of practice in any one or all of these particulars, 
such as would account in an important degree for the remark- 
able recent increase in the number of accidents to propeller 
shafts. And yet it seems reasonable to conclude that there must 
be some particular cause for this increase ; for it is hard to believe 
so marked a prevalence of a particular form of accident within 
the last year or two is due entirely to exceptionally bad weather 
or to merely fortuitous conditions absolutely beyond the control 
of shipmaster, shipowner, shipbuilder or enginebuilder. 

Before we can adopt the conclusion that the frequency of 
shafting accidents in 1898 is no fault of anybody’s, we should 
ask ourselves, Has there been any marked change in naval archi- 
tecture and marine engineering during recent years which may 
have helped to bring about this frequent failure of propeller 
shafts? No sooner do we ask ourselves this question than we 
find confronting us the fact that during the last three years a 
most remarkable new development has shown itself increasingly 
in the British mercantile marine. This period of three years 
has been distinguished by the creation of a fleet of leviathan 
tramps such as were never seen in this world before. In build- 
ing these monster cargo carriers shipowners have been keen, 
and very properly so, to turn to remunerative account a scien- 
tific principle specially familiar to everyone possessing even the 
most elementary knowledge of ship-model experiments. The 
principle is simply this: that for comparison of performance of 
ships of the same under-water shape, but of different sizes, cor- 
responding speeds are proportional to the square root of linear 
dimensions, and corresponding powers are proportional to the 
displacement multiplied by the corresponding speed in each case. 
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So that if the linear dimensions of one ship were x times those 
of another ship of the same under-water shape, the corresponding 
speed of the larger will be ;/ times that of the smaller ship, 
and the corresponding power of the larger will be z* x 1/ ” times 
that of the smaller ship. Thus a ship of say 225 feet long, at a 
speed of say 10 knots, and a power = P, corresponds with a ship 
of the same under-water shape of say 450 feet long, at a speed 
of 14 knots, and a power = 11.2 P. Now, to drive the larger 
ship at the same 10-knot speed as the smaller ship will take a 
power of only say 3.7 P. So that the larger ship with eight 
times the displacement can go at the same 10-knot speed with 
only 3.7 times the power of the smaller ship; thus the cost of 
power per mile ton of the larger ship is only 3.7 + 8, 2. ¢., less 
than half, that of the smaller ship at equal speed. Not only 
as regards power and consumption, but also as regards work- 
ing expenses in many other ways, and also as regards first cost 
per ton deadweight, the principal of bigness proves its advan- 
tages. 

Several firms of shipowners, a few years ago, realizing the com- — 
mercial value of this principle, gave practical effect to it by build- 
ing ships of the Westmeath class, which could be sailed at a profit 
when smaller ships were barely paying their way. And hence, 
throughout the last three or four years, ships of the leviathan 
tramp order have been coming more and more to the front, ships 
of enormous carrying capacity, and with very economical engine 
power. These ships have been engined to drive somewhat faster 
than the common tramp, but not so much faster as what would 
be the corresponding speed due to their great size ; and so, while 
they have gained part of the advantage of their bigness by in- 
crease of speed, they have at the same time gained very con- 
siderably in economy of power and consumption. 

Now it has become notorious that the casualties to ships 
through the breaking of their shafts are a much higher percent- 
age of the comparatively small number of these leviathans than 
of other ships. In this fact the writer suggests some clue may 
be found as to the cause of the failures complained of. 

Doubtless there are very many conditions and things combin- 
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ing to determine the strength and endurance of a propeller shaft ; 
indeed the subject, both on its practical and theoretical side, is 
almost inexhaustible. But, whatever other factors may govern, 
it is quite certain that, other things being equal, the strength de- 
pends to a very large extent on the diameter, and varies as some 
power of the diameter. When we come to ask, What power of 
the diameter? we are brought to consider the various kinds of 
stress to which a propeller shaft is subjected. Whether we re- 
gard it as resisting bending or as resisting tension, in both cases 
alike, its primal strength varies as the cube of the diameter. But 
stiffness, as affecting endurance, is a ruling quality to be con- 
sidered as well as primal strength. Practically, in the case of 
very extended lengths of shafting, stiffness may in its effects be 
more important than the primal torsional strength. Referring 
to land engines, it may be said that a marked degree of flexibility 
in the shaft tends to irregular and erratic changes of stress, so 
that in land machinery stiffness of shafting is an acknowledged 
desideratum. Buta steel ship of great length is endowed with 
a considerable degree of flexibility, and if the shafting be not 
equally flexible a quarreling of stresses must go on to the detri- 
ment of both the shaft and ship. It would, therefore, seem prob- 
able that what is wanted with a ship’s shafting is not the maximum 
of stiffness so much as the maximum of harmony between the 
flexibility of the ship and her shaft. 

Be that as it may, it is noteworthy that even with ordinary 
shafting of land engines the length of the shaft has a very effect- 
ive influence on its real ultimate strength; for a shaft which, if 
short, might be quite strong enough to do the work required of 
it, might, for the lack of stiffness, fail if of great length. 

It will be thus seen that the problem of how to determine the 
diameter of the shaft of a large steamer of the leviathan class is 
no easy matter, especially when it is recognized that we do not 
know how much or how little weight to attach to the question of 
stiffness of shaft as compared with primal strength. And this 
uncertainty may well influence our verdict as to what power of 
the diameter should be employed; for the stiffness of a shaft 
does not follow the same power as its primal strength; that is to 
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say, the stiffness varies not as the cube, but as the fourth power 
of the shaft’s diameter divided by its length. 

One of the difficulties referred to at the opening of this paper 
is this difficulty of assessing the amount of play to be given to 
the principle of primal strength on the one hand and of elasticity 
and flexibility on the other. 

In the realization of these difficulties we turn to the formule 
of the Board of Trade and Lloyd's, and the first thing we note is 
that by that authority the cube of diameter is adopted as the 
ruling power of the shaft’s endurance, the question of stiffness 
being thus treated as though it were of no moment, or as though 
stiffness varied as the cube of diameter. 

Now, if the ship were always running with the propeller well 
immersed, the question of stiffness might safely be neglected for 
two reasons: First, because the ship herself, having her stern 
water-borne, would not change her shape so much as when run- 
ning light, and, like a cork on the surface, rolling and pitching 
and scending greatly in a seaway, and undergoing violent alterna- 
tions of compression and tension ; and, second, because the pro- 
peller itself when sufficiently immersed does not thrash the sur- 
face of the sea and subject itself and its shaft to the very damaging 
impactively irregular stresses which such thrashing occasions. 

Doubtless if, without encountering mechanical objections 
which seem insuperable, ships’ propellers could be easily ad- 
justed to work always wholly immersed without reference to the 
ship’s draught, considerable advantage would result not only by 
avoiding impact of the sea, so damaging to the propeller and 
shaft, but also by securing a higher and more constant efficiency 
of propulsive thrust. It is, however, to be feared that the prac- 
tical difficulties besetting any plan for rendering the draught of 
propeller adjustable at pleasure will continue to prove in the 
future, as they have proved in the past, so great as to forbid 
such an improvement ever being commonly adopted. 

While the greater length of shaft of a leviathan, as compared 
with that of an ordinary tramp, may, by its influence on the 
stiffness, contribute in some incalculable degree to the greater 
frequency of shaft failures in these leviathans than in ordinary 
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steamers of the merchant class, there is in these mammoths 
surely some more palpably predisposing cause of shaft weak- 
ness. 

Now the rules for determining the diameters of shafting 
adopted by Lloyd's and the Board of Trade make the strength 
of the shaft depend entirely on the power of the engines; and 
no separate account is taken in these rules of the power of the 
ship. 

When the ship is steaming ahead in smooth water with pro- 
peller well immersed the power of the ship as developed in her 
resistance is the counterpart of the power of the engines as de- 
veloped in their effective thrust on the shaft. So in that case, if 
the shaft has been proportioned of adequate diameter to with- 
stand the thrust of the engines, it is likewise proportioned to 
withstand the resistance of the ship. 

But when a ship is tossed up and down and set rolling by 
the waves a vertical power is developed by her mass, a power 
which the propeller has not to be held accountable for, as the 
propeller did not cause these waves. And yet, by this additional 
power the propeller is driven downwards or pulled upwards 
through the water besides being driven by the steam power. In 
some phases of the wave action this extra power will act on the 
propeller as a plus, and in other alternate phases as a minus 
stress, and thus the shafting will be subjected to more or less 
violent irregularities such as are known to be most prejudicial 
to thé life of any material thus harassed and distressed. Now, 
this extra power of the rolling and pitching and scending ship 
in no substantial degree depends on the steam power driving the 
propeller, but is measured and determined by the inertia of the 
ship’s displacement mass, and it is easy to understand that the 
enormous weight of a leviathan tramp thus proves too cruel to 
her comparatively small propeller shaft when it comes to a case 
of thrashing a stormy sea. 

Probably if these big ships were driven at higher speeds cor- 
responding to their bigness, and were thus furnished, as they 
then would be, with shafting of greater diameter agreeing with 
the greater driving power, according to the rules of Lloyd’s and 
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the Board of Trade, accidents to their shafting would occur not 
with more but with less frequency than in the case of smaller 
vessels, because the longer ship will prove the steadier in a sea- 
way. But this advantage of additional sea steadiness seems in 
existing circumstances to be practically more than neutralized 
by the smallness of diameter of their propeller shafts, which, 
though proportioned to their comparatively small power of en- 
gines according to Lloyd’s rule, are not proportioned as they 
ought to be to their huge displacement. 

The writer, therefore, suggests that Lloyd’s rule for the diame- 
ter of a steamer’s shaft should be modified by implicating a co- 
efficient expressing the power of the ship’s displacement at her 
light draught. . 

Of course, any addition to the diameter of shafting must be 
attended by increase of cost, and, also, though not quite inevit- 
ably, by increase of friction. 

So long as Lloyd’s rule remains as it is, shipbuilders and en- 
ginebuilders, who have already in recent practice increased their 
shaft diameters for these large steamers beyond the requirements 
of that rule, will have to bear voluntarily the additional expense, 
and, doubtless, they will do so rather than run the risks which 
working by Lloyd’s minimum entails in the cases of these mon- 
ster ships. But it is undesirable in the interests of life and prop- 
erty that, in default of Lloyd’s rule, the safe proportionment of 
shaft diameters should be left, even temporarily, to the discre- 
tion of shipbuilders and enginebuilders; and it is therefore to 
be hoped that an improvement in Lloyd’s rule, which recent un- 
happy experiences have proved to be necessary, will be made at 
an early date. 
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‘By S. Dana GREENE. 


[Reprinted from “ The Electrical World,” February, 1899.] 


The modern first-class battleship requires about 2,000 indi- 
cated horse-power to drive all the auxiliaries at full load, and the 
first-class cruiser about 1,200 indicated horse-power. These 
auxiliaries, however, are never all in use at the same time, using 
maximum power, and it can be assumed that about one-half 
these amounts (2. ¢., 1,000 indicated horse-power and 600 indi- 
cated horse-power) will be required at one time. They are scat- 
tered all over the ship, from the anchor hoist forward to the 
steering engine aft, and from the deck winches and boat cranes 
on the spar deck to the bilge and fire pumps in the engine and 
fire rooms, 30 or 40 feet below. Some of them, such as condenser, 
air, circulating, feed, bilge and fire pumps and fire-room blowers, 
are necessarily located within the engine and boiler-room com- 
partments, where the temperatures are always high, and where 
steam, oil, water and coal dust are always present in greater or 
less quantities. Others, located on the spar deck, are exposed 
to salt water and air and to the varying conditions of sea and 
weather. 

With these scattered locations it is obvious that power, gen- 
erated at a central point, must be distributed throughout the ship. 
For this purpose there can be used either steam, hydraulics, com- 
pressed air or electricity. Hydraulics and compressed air not 
only have a low efficiency of conversion (from steam), but it is 
difficult to prevent leaks, freezing, bursting of pipes, etc. They 
have both been tried to a limited extent, and both found wanting 
in service. This leaves steam and electricity as the two remain- 
ing systems of distribution from which to choose. As between 
the two, steam has the following disadvantages : 
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First. Danger to life. The bursting of a steam pipe, whether 
in or out of a fight, is a serious matter, and likely to disable any 
of the crew who are in the compartment where the accident 
occurs. It has been abundantly proven in our civil war that 
men will not stand up against steam or hot water, when they will 
face shot and shell without flinching. Many of our vessels op- 
erating in inland waters during that war had several lines of hose 
coupled to a hot-water tank and led out every night to guard 
against boat attacks. These hoses were successful on more than 
one occasion in repelling boarding parties. While the main 
steam leads fore and aft can be run below the protective deck or 
behind the armor belt, vertical branches must run to all auxil- 
iaries on the upper decks, and many of these must be used in 
action. The effect of a steam pipe carrying 100 pounds pressure 
bursting or being shot away in a compartment where there may 
be thirty or forty men at the guns or passing ammunition, would 
undoubtedly be to kill or disable every man in the neighborhood 
and demoralize thoroughly that part of the ship. On the other 
hand, if a wire is shot away, one or more auxiliaries may be dis- 
abled, but no one is injured; furthermore, the wire presents a 
much smaller target than a steam pipe, and is, therefore, less 
liable to injury from shot. It is always a difficult matter, too, to 
keep steam and exhaust pipes tight and to prevent leaks at the 
joints and at water-tight bulkheads. 

Second. Injurious heating of living quarters. Steam and ex- 
haust pipes must necessarily run to every auxiliary, and some of 
the latter, such as the ice machine, anchor hoist, steering engine, 
ventilators, etc., are in the officers’ and men’s: quarters, or the 
pipes leading to them must pass through these quarters. The 
heat of the pipes and engines not only makes the quarters un- 
comfortable, but it is impossible to prevent more or less oil and 
dirt around the auxiliaries. In the tropics the heat is often so 
great that the officers and men cannot sleep below at all. This 
was the case on a number of our vessels operating in Cuban 
waters last summer. 

Third. Efficiency. Here the contrast is very striking in favor 
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of electricity, surprisingly so to one who has not seen the actual 
economy figures of steam auxiliaries. 

There remain the two important factors of simplicity and sally 
bility to be considered. No one who has had experience with 
the modern well-designed and well-insulated carbon-brush gener- 
ator or motor can have any doubt as to its greater simplicity as 
compared with the steam engine. There are no joints to keep 
tight, no nuts or bolts to set up, no packing to renew, no cylin- 
ders to cut, and only two self-oiling bearings, as compared with 
a dozen or more oil cups on an engine. In fact, it is difficult to 
imagine a simpler piece of machinery than the modern dynamo. 
It seems like a return to elementary principles to discuss such a 
point; and yet many men aboard ship imagine the dynamo a 
most complicated affair, simply because they know nothing about 
electricity and think everything connected with it is mysterious 
and complex. This feeling is not confined to seafaring men, as 
we all know. : 

The question of reliability is a vital one, for no matter what 
the advantages with respect to safety, economy and simplicity 
may be, if the electric auxiliary cannot be relied upon at any and 
all times to do its work it is a failure and must be discarded. It 
must not only be able to work well under normal and favorable 
conditions, but it must also be able to stand a certain amount of 
abuse and neglect. Stress of weather and other conditions, par- 
ticularly during a war, sometimes play havoc with the established 
routine of a ship, and the sailor’s tools must not only be sound; 
they must be hardy. The normal conditions aboard ship are 
not favorable to. ordinary electrical apparatus, but this simply 
means that apparatus for such work must be specially designed 
and built to meet these conditions. The ordinary motor would 
not last long under a street car; nevertheless thousands of car 
motors are built and sold every year which run day in and day 
out with a remarkably low maintenance account. Similarly, ap- 
paratus for ship work must be specially insulated, a larger margin 
of capacity must be allowed, and in exposed places it must be 
thoroughly enclosed. Several years ago an English manufac- 
turer asked permission to install an electric deck winch on the 
27 
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spar deck of a new cruiser fitting out at Portsmouth. When the 
captain, who was superintending the fitting out of the ship, saw 
it he gave orders to have the deck hose turned on the motor for 
ten minutes, and then to operate the winch. The manufacturer 
protested, and said that the motor was not intended to be abused 
in that way. “Then take it off the ship,” said the captain, “ for 
I cannot guarantee that we will ship no seas during our cruise, 
and I want that winch ready for service whether we ship seas or 
not.” The captain was quite right ; the motor was taken off, and 
a “rough and ready,” steam motor substituted. 

Experience alone is the final test of reliability, and, fortunately, 
we have some experience in our Navy on whichto rely. During 
the late war all of our regular war vessels were fitted with elec- 
tric lighting plants, and many of the larger ships were supplied 
as well with certain electric auxiliaries, such as ventilating fans 
and ammunition hoists. Two of the Brooklyn’s turrets were 
controlled by steam motors and two by electric motors. So far 
as I have been able to learn, from both official and unofficial 
sources, all the electrical apparatus on these ships stood the su- 
preme tests of battle admirably, and the officers of the Brooklyn 
are enthusiastic over the performance of the electrically con- 
trolled turrets. They report that with respect to ease of man- 
ipulation and fineness of control there is no comparison, but 
rather a contrast. This is high praise from competent authority, 
for the officers referred to had actual command of the turrets in 
battle, and their judgment is not only unprejudiced and impar- 
tial—it is final and conclusive. 

It is hardly necessary to say that electric machinery, to be re- 
liable, must have reasonable care and attention from men who 
know something about it. The same is true of any machinery, 
and it is bad policy, as well as untrue, to say, as is sometimes said 
by those who should know better, that an electric motor requires 
no attention. Cleanliness is very necessary and may be consid- 
ered as a first essential to successful operation. It is astonish- 
ing to see how little has to be done to an electric motor if it is 
kept scrupulously clean; but this cleaning must be regular and 
intelligent. From what has been said it may safely be affirmed 
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that electric machinery can be made as reliable on shipboard as 
any other machinery, and with this in mind we can turn to the 
question of efficiency, including weight of plant and first cost. 

There has been very little data published on the performance 
of ship auxiliaries, but a valuable contribution to the subject 
appeared in the February (1898) number of the “ JouRNAL OF THE 
AMERICAN Society OF NAVAL ENGINEERS,” by Passed Assistant 
Engineer W. W. White, United States Navy, entitled, “Steam Con- 
sumption of the Main and Auxiliary Machinery of the United 
States Cruiser Minneapolis.” This vessel, as is generally known, 
is a first-class protected cruiser, of about 7,500 tons displace- 
ment, with three screws (each operated by its own engine) and a 
trial speed of over 23 knots per hour. She represents the 
highest type of her class, and is in every way a credit to her 
designers and builders. She has between thirty and forty steam 
auxiliaries, and more than 150 separate steam cylinders. Her 
only electric auxiliaries are the lighting generators and a few 
small ventilating sets and ammunition hoists. In order to ascer- 
tain the steam consumption of her main engines and auxiliaries 
Mr. White, who was serving on board the Minneapolis at the 
time as one of her engineers, made a series of careful observa- 
tions during a run of the vessel of seven days from Gibraltar to 
League Island, Philadelphia. Indicator cards were taken on all 
auxiliaries fitted for the purpose (thirty-one in number), and the 
losses from leakage, condensation and radiation were carefully 
estimated, and the water evaporated carefully measured. The 
results obtained are certainly startling. 

The average weight of steam used by the main engines per 
hour was 33,620 pounds, and by the auxiliaries 10,146 pounds. 
That is, the auxiliaries consumed nearly 25 per cent. of the total 
coal used. The main engines consumed an average of 20.83 
pounds of steam per indicated horse-power per hour, and the 
auxiliaries an average of 119 pounds per indicated horse-power 
per hour (the lowest being 55.06 pounds and the highest 318.68 
pounds per indicated horse-power per hour). These results are 
not exceptional ; in fact, they are probably better than the aver- 
age obtained on most warships or merchant vessels. The new 
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British cruiser Powerful (14,000 tons displacement) is reported 
to have used 8,300 tons of coal from England to Hong Kong, 
of which 3,400 tons (or over 40 per cent.) were required for the 
auxiliaries. 

Under the most favorable conditions the auxiliaries of a large 
ship probably consume at least 20 per cent. of the total coal and 
water used. This is more than twice as great as the consump- 
tion in a modern central station, and there is no good reason why 
as good results should not be obtained afloat as ashore. 

Let us assume a required central-station capacity for a first- 
class battleship of 1,000 horse-power effective at the motors. The 
present standard e. m. f. for naval installations is 80 volts, and 
for the merchant marine about 100 volts. This low voltage was 
originally adopted on warships on account of the searchlights, 
which require 50 volts only, and it was desired to introduce as 
little dead resistance as possible. At this time no motors were, 
of course, in use, and the electric plant was used for lighting 
exclusively. Such a voltage is, however, entirely unsuited fora 
1,000 horse-power plant. The weight of the distribution system 
would not only be excessive, but the size and weight of the gener- 
ators would be prohibitive. The three-wire system, or a standard 
220 to 2,250-volt two-wire system, should be adopted, using the 
necessary resistance in the searchlight circuits when they are in 
service; since they require a relatively small percentage of the 
total plant capacity, and are not regularly in use, this can be 
done without undue sacrifice. 

The generating plant should consist of several units of the 
same size, so that parts are interchangeable, each unit consisting 
of a compound vertical engine driving a pair of generators or a 
single generator, depending upon whether a three-wire or a two- 
wire system is used. Assuming an efficiency of 82 per cent. for 
engine and generator, and an average line and motor efficiency 
of 80 per cent., the total efficiency of the system (between the 
indicated horse-power of the generating engines and the effective 
horse-power of motors) is 65.6 per cent. In other words, to de- 
velop 1,000 horse-power at the motors will require 1,500 indi- 
cated horse-power at the engines, or about g00-kilowatts genera- 
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tor capacity. Six sets of 150 kilowatts each, with one reserve, 
would be required. A good compound engine working at ap- 
proximately full load (and with six units those in actual service 
can always be operated at or near full load), will require 20 pounds 
of steam per indicated horse-power per hour. Assuming a total 
efficiency of the system of 65.6 per cent., as above, it will require 
about 30 pounds of steam per effective horse-power per hour at 
the motors. If we allow 25 per cent. margin for losses due to 
steam leakage, condensation, mechanical friction of gears, etc., 
we still have an economy of 37.5 pounds per horse-power per 
hour, as against 119 pounds as shown by the Minneapolis test. 
In this case the auxiliaries tested aggregated 471 horse-power 
developed, using 56,049 pounds of water per hour. At 8 pounds 
of water evaporated per pound of coal the coal consumption was 
7,000 pounds per hour, or 84 tons per day, assuming that this 
power was required for twenty-four hours. If the water con- 
sumption had been at the rate of 37.5 pounds per indicated horse- 
power per hour, instead of 119 pounds, the coal used per day for 
these auxiliaries would have been 26.5 tons, a saving of 57.5 tons, 
or nearly 70 per cent. 

It is fair to assume that by the introduction of compound en- 
gines and improved mechanical appliances on some of the auxil- 
iaries the average steam consumption can, perhaps, be reduced 
to 75 pounds per horse-power per hour ; but this is still 100 per 
cent. in excess of that required for the electric drive. Assuming 
an average daily use of 800 horse-power effective at the auxil- 
iaries on a first-class battleship at sea, this difference in efficiency 
means a saving in water used of 360 tons per day, and in coal a 
saving of 45 tons per day. All steam cylinders connect with the 
condensers, so that the water used by the auxiliaries is not lost, 
but is used over and over again, it being necessary to supply only 
that lost by leakage in the pipes and condensers. The extra 
pumping duty is large, however. The coal saved, on the other 
hand, means that with a given coal endurance (or. “ steaming 
radius”) a vessel can carry from 10 to 20 per cent. less coal; or, 
expressed in another way, with the same coal capacity she will 
have from 10 to 20 per cent. greater steaming radius, The average 
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price paid in the Navy for coal (including stations in all parts 
of the world) is probably at least $7 perton. There is, therefore, 
in the case assumed a direct saving in running expense of $315 
per day for coal alone. It may be argued that a vessel in port 
does not use her auxiliaries to the same extent that she does at 
sea, and that, therefore, the comparisons made are misleading. 
This may be true as to actual savings in pounds of coal and water, 
or in dollars and cents, but the percentage differences hold true 
in any case. Furthermore, a ship is built to keep the sea, and 
her efficiency and usefulness are measured by her performance at 
sea, and not when incidentally or accidentally in port. Her 
weights are distributed and apportioned, and her power, speed and 
“steaming radius” are designed for sea conditions, and it is these 
conditions alone which should be considered. 

The weight and space required for plant are important mat- 
ters, for a modern steamship, and particularly a war vessel, has 
every available inch of space and pound of weight carefully 
allotted ; and it is sometimes difficult for the designers to adjust 
the conflicting elements (which may be equally important) so as 
to provide for all and still keep within the prescribed limits. 
The present weight of steam auxiliaries of a first-class battleship, 
assuming a total capacity at full load of 2,000 horse power is, as 
before, about 200,000 pounds, or 100 tons. If the electric drive 
is used, we must add the weight of generating plant. The Navy 
specifications limit this weight at present to one-third pound 
per watt rated capacity. With 1,050-kilowatt capacity (six units 
of 150 kilowatts for service and one for spare) the weight would 
be 350,000 pounds, or 175 tons. The electric auxiliaries would 
weigh about the same as steam, or 100 tons, a total of 275 tons 
as against 100 tons for steam drive. There would be some 
saving in the wiring, as against steam and exhaust pipes, so that 
it may be assumed that the electric plant, with the generating 
sets described, will weigh between two and one-half and three 
times the steam drive. As an offset, however, we have the saving 
of 10 to 20 per cent. in coal required for a given steaming radius, 
which in a ship of this class would amount to between 200 and 
400 tons. Furthermore, if in the future a satisfactory steam 
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turbine comparable in economy with the compound engine is 
developed for marine work, as now seems probable, the weight 
of the generating plant will be reduced 40 or 50 per cent., and 
then the electric drive will compare favorably in this respect 
with steam, and there will still be the saving in weight of coal 
required for a given endurance. 

The space necessary for plant must be considered as one of 
the vital parts of the ship, and as such it must be located below 
the protective deck. At first thought it may be said that it will 
be difficult to find the necessary space, but it must be remem- 
bered that the space required for 200 to 400 tons of coal is 
available, in addition to the space at present allotted for dynamo 
room, and these combined will certainly be more than sufficient. 

The application of the electric drive to the various ship aux- 
iliaries must be carefully studied in each case. The problems 
involved, however, are not more difficult than many special ap- 
plications on shore, nor is there anything about them which a 
competent electrical engineer, with a proper knowledge of sea 
conditions, is unable to solve. The first cost will undoubtedly 
be greater than with the steam drive, but the savings in “ oper- 
ating expense,” if capitalized, will much more than offset this 
difference in first cost. 

The problem is purely an engineering one, and should be ap- 
proached in a businesslike way. Will the electric drive be 
equally safe, simple and reliable, and will it be more efficient 
than the present system of steam drive? This is the question 
in a nutshell, and I believe that the figures and data which I 
have presented enable us to answer it most emphatically in the 
affirmative. Other nations, particularly England, Germany and 
France, have already introduced the electric drive extensively 
on their ships, both in the navy and in the merchant marine; 
and it is earnestly to be hoped that our own Navy, with its mag- 
nificent ships, officers and men, of whose record we are justly 
proud, will not lag behind in this important respect. 
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THE EQUIPMENT OF TALL OFFICE BUILDINGS IN 
NEW YORK CITY. 


By REGINALD PELHAM Botton, New York Clirty.* 


In a space in the lower part of New York City, one mile in 
length and two-thirds of a mile in average breadth, there are at 
present located some fifty-six buildings exceeding 180 feet in 
height, while a few of these range from 200 to 325 feet from the 
sidewalk level. The demand for office accommodation in this 
district began in the vicinity of the Stock Exchange, and has de- 
veloped buildings up the line of Broadway and parallel streets 
as far north as Franklin street and as far south as Bowling 
Green. The convenience of the various exchanges has grouped 
the different professions and contributing trades in certain dis- 
tricts, and the legal profession has been attracted to the district 
around the municipal buildings and the courts in City Hall Park. 

While at first, when there were few such examples, they re- 
turned a fairly profitable investment without much regard to 
economy of operation, yet in recent years the construction of so 
many great buildings has brought about a sharp competition, 
which has called attention to economical equipment and opera- 
tion, and has directed the attention of engineers to the problems 
which they offer. 

Cost of Land.—The cost of desirably located sites has been of 
recent years greatly on the increase, and in certain advantageous 
positions has reached as high a figure as $300 per square foot. 
The corner plot on which the German-American (fifteen-story) 
Building stands, 111 feet on Liberty street and 79 feet 2 inches 
on Nassau street, cost $937,000, or about $110 per square foot, 
previous to the projection of the new building, and was later on 
purchased for the site of the present tall building at $140 per 
square foot. 


* Read at the May meeting of the American Society of Mechanical Engineers. 
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The land on which the Hudson (sixteen-story) Building stands, 
facing 45 feet on lower Broadway, extending 225 feet to New 
street, was purchased some years ago for an average rate of $65 
per square foot, and would, for the purpose of the present in- 
creased building, be worth more than double that amount. An 
average value of sites for such buildings as are under discussion 
would now be $150 per square foot. A recent purchase of 
1,736 square feet of ground by the Stock Exchange on Broad 
street is at the rate of $244 per square foot, while an extreme 
was reached by the price of $330 per square foot paid in 1882 for 
a very desirable corner site in the same neighborhood. 

Increased Returns.—Such large amounts as these values rep- 
resent naturally call for a large return from the building occu- 
pying the site, such return being obtainable in the old five and 
six-story buildings only by means of increased rentals. High 
rentals had, however, the reflex effect of driving tenants to less 
advantageous locations in rear streets until the height attainable 
in the modern buildings effected a combination of improved ac- 
commodation at a reasonable price. The effect of the above 
natural causes has been, therefore, even with a greatly enhanced 
cost of the site, a reduction in renting charges proportioned to 
the increase in rentable area. The competition between the va- 
rious buildings has brought the minimum rate down from $3 
per square foot to below $2 per square foot of office space, and 
includes in this charge light, heat, attendance, cleaning and, of 
course, elevator service. 

Relative Increase.—It may be roughly estimated that the in- 
creased height of the down-town buildings referred to has added 
to the inhabitable area not less than 7,500,000 square feet. II- 
lustrating the relative increase of value obtained by height, the 
four and five-story buildings occupying the site of the present 
German-American Building represented a renting area of not 
more than 6,000 square feet per floor, which at the old rates of 
about $3 per square foot per annum may have produced a gross 
rental of as much as $70,000 per annum when filled, but even 
this represented only 6 per cent. on the real value of the land 
alone. The new building has a net renting area of about 7,000 
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square feet per floor, producing on fourteen upper floors, even at 
the low average of $1.60 per square foot, $156,000, in addition 
to which are two large ground-floor banking parlors producing 
about $17,000 and $12,000 per annum, respectively, also a base- 
ment restaurant bringing in $3,000, or a gross return of $188,000 
per annum, an increase of two and a half times as much as the 
old buildings. Onacost for building and equipment of $650,000, 
and of land $937,000, or $1,587,000 in all,a gross return of nearly 
12 per cent. is thus attained. The cost of management, opera- 
tion of equipment, and city taxes naturally form a large increase 
on the same items in old buildings, but under good management 
and economy do not exceed 50 per cent. of the gross rental. 
It will be evident that the economical operation of the equip- 
ment forms a decided factor in the net balance available for in- 
terest. 

As a mortgage can be placed on such a building and land for 
six-tenths of its value at a rate. not exceeding 4 per cent. the 
net return on the actual capital sunk in such a building may be 
very high, nevertheless wasteful appliances and accompanying 
cost of management reduce the return in many instances down 
to 3 per cent. Once such buildings with moderate rentals and 
greatly increased advantages are established, they form a strong 
incentive to the erection of other buildings of similar or superior 
character owing to gradual abandonment of the older buildings 
by tenants, in favor of those where they find better conditions. 
The sanitary appliances in the older buildings were and are ex- 
tremely behind the times, and have in numerous cases been the 
cause of tenants’ removal. The old three and four-story build- 
ings on the site of Bowling Green Building, from the above 
causes, became unremunerative and some were closed up to avoid 
taxation. The site, which fronts 157 feet on Broadway, extends 
170 feet through to Greenwich street, and was valued at a million 
dollars by the building company. On this site the Bowling Green 
Offices have been erected, which is the largest commercial office 
building in New York City, being 240 feet 6 inches average 
height from street levels, and of a gross content of 4,915,000 
cubic feet, with a floor area of 20,555 square feet on fifteen upper 
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floors, and of 32,000 square feet on the ground floor and first 
basement, the sub-basement being devoted to mechanical services 
and storage. In this instance the increase in acreage has been 
enormous, the original 80,000 being raised to 567,500 square 
feet, or fully four times greater renting area than before. The 
total cost of the building was close on to two million dollars, 
and owing to the remarkable economy of its equipment and 
management it has been able to pay its, way when not more than 
five-eighths occupied. 

Size of Buildings —The best method of comparison of size is 
that afforded by bulk. Representative instances are the fol- 
lowing: 

The Bowling Green Offices, sixteen stories above street, 235 
feet high, 5,000,000 cubic feet gross contents. 

New York Life Building—partly insurance—sixteen stories, 
4,800,000 cubic feet. 

Manhattan Life Building—partly insurance—seventeen stories 
and tower, 270 feet high, 1,665,000 cubic feet. 

; Lords Court Building—offices—220 feet high, 3,000,000 cubic 
feet. 

American Surety Building—partly insurance—twenty-one 
stories, 305 feet high, 2,176,000 cubic feet. 

These represent either abnormal height or bulk, and of them 
the Bowling Green and Lords Court Buildings are those built on 
a strictly commercial basis. 

The representative commercial office building now averages 
200 feet high, and of these there are now a large number. 

Average samples are: 

The Central Bank Building, sixteen stories, 1,980,000 cubic 
feet. 

The German-American Building, fifteen stories, 1,400,000 
cubic feet. 

The Hudson Building, sixteen stories, 1,500,000 cubic feet. 

R. G. Dun Building, fifteen stories, 1,200,000 cubic feet. 

The above buildings also afford an opportunity for interesting 
comparison on account of the dissimilarity of their elevator 
systems— 
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Boilers. 
. Bowling Green Offices, nine hydraulic elevators 720 horse-power. 


. Lords Court Building, five electric elevators 420 horse-power. 
. Central Bank Building, five hydraulic elevators 460 horse power. 
. German American, five electric elevators 320 horse- power. 
. Hudson Building, four hydraulic elevators 500 horse-power. 
. R. G. Dun Building, six electric elevators 600 horse-power. 

All of the above have been equipped to the plans of the author, 
and are, with the exception of the last, heated by the Webster 
system of vacuum returns with exhaust steam at atmospheric 
pressure. 

The boiler capacity includes, in all but the last instance, a spare 
or reserve boiler. The R.G. Dun Building has a single-pipe 
back-pressure system of steam heat, and has only two boilers, 
both being in use in extreme weather. 

The services provided in each are : 

. Car-miles per hour, 14 to 20; lights, 6,200 Bolton vertical system of wiring. 
. Car-miles per hour, 93; lights, 4,000 Bolton vertical system of wiring. 
. Car-miles per hour, 11; lights, 3,800 Bolton vertical system of wiring. 
. Car-miles per hour, 11; lights, 2,800 Horizontal wiring. 
. Car-miles per hour, 8; lights, 3,000 Horizontal wiring. 
. Car-miles per hour, 16; lights, 4,500 Horizontal wiring. 

Total Cost.—The cost of average steel-framed sixteen-story office 
buildings complete with equipment and inclusive of a moderate 
amount of decorative outside treatment in stone, machine mould- 
ings or in terra cotta, without hand stone carving is 36 to 40 cents 
per cubic foot of its gross cubic content, outside measurement. The 
excessively high buildings cost more, also those with expensive 
adornments. The relative cost of the mechanical appliances, in- 
cluding power, elevators, heat, light and sanitation, is approxi- 
mately one-seventh of above. The total cost of mechanical 
appliances in a building of sixteen stories, basement and sub-base- 
ment, say 6,000 square feet renting area per floor, was $82,000. 

Or in detail : 

Cost. 
$1,200 to $2,500 
Boiler plant 11,000 
Four to six-elevator plant 40,000 
Heating appliances and piping 17,000 
Electric wiring and switchboard, 15,000 
Engines and generators 8,000 to 10,000 
Sanitation and fixtures........... pedbossdsépenvantsesapescese 12,000 to 15,000 
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The effect of an increase in the cost of these appliances, if the 
same be productive of economy and advantage in operation, is very 
much less in proportion than its importance to the owner. For 
instance, the difference in the above comparative costs would 
amount to $26,000, say 4} per cent. on gross cost of building, 
which would represent fully 50 per cent. more convenience and 
the best appliances for economy throughout. It has, however, 
been difficult at times to induce owners to spend on economical 
appliances a small fraction of the sum laid out on non-remunera- 
tive outside or interior adornment. 

The difference between a compound and a triple-expansion 
pump may be say $1,500 and be begrudged, while the difference 
between marble trim and other substitutes in the hall will be 
$15,000 and be freely expended. - 

These are difficulties met by engineers everywhere, yet in no 
case do they appear so forcibly. It is satisfactory to relate that 
such instances have been rather due to the present faulty system 
of letting general contracts inclusive of machinery than to the 
owners’ shortsightedness as regards the advantage offered. 

Equipment.—The value of office buildings to the business com- 
munity is based on the improvements they offer, which are chiefly 
ot a mechanical character, and further examination of the require- 
ments will make it evident that the importance of the mechanical 
equipment considerably outweighs the value of any architectural 
features. 

The details of direct interest to mechanical engineering science 
in these great buildings may be grouped as follows: 

The character and arrangement of mechanical plants. 

Elevator service and the limitation of the height of buildings 
by the proportions of same. 

Piping and connections. 

The power plant, chimneys, coal supply, feed heating and 
waste heat. 

Heating, ventilation and refrigeration. 

Fire protection and water supply. 

Electric lighting, wiring, generators and storage batteries. 
Telephone and electrical services. 
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It will be obvious on a moment’s thought that each one of these 
subdivisions is of sufficient importance, if treated with any full- 
ness, to exceed the limits of a single paper. It is the object of 
the author at present to refer briefly to some of the problems con- 
nected with the arrangement of the mechanical plant of such an 
office building, as determined by the usual conditions which are 
prescribed. 

Location of Piers, Etc.—The author’s remarks are not intended 
to comprehend the details of the framing or building construc- 
tion of these tall buildings, except in so far as they relate to 
the mechanical equipment required to operate them, but a brief 
résumé is necessary of the features of New York practice in re- 
spect of pier and foundation construction which bear on the 
subject of the arrangement of the plant. 

The lower portion of New York City is composed of rock and 
sand, the rock being very irregular in outline, but roughly com- 
posing a ridge or hump on the line of Broadway, often dropping 
off abruptly. The sand is the floor of the glacial river beds east 
and west, and is firm and affords a good foundation. At the 
extreme end of the promontory and along the west shore there 
is a good deal of made ground, but only one of the tall buildings 
with which the author has been associated trenched upon this, 
and in that case was carried below its level. Where the sand 
overlays the rock in a shelving form, the foundations are carried 
to the rock, but a number of buildings exceeding 200 feet in 
height have had their columns set on isolated concrete piers 
laid on the sandbed. ; 

Such piers are usually six feet square at the base, are two to 
four feet thick ; on top is set the shoe of the column upon a plate 
about four feet square. 

The columns forming the walls are similarly treated, but the 
piers are usually united by a footing of concrete on which the 
curtain walls are run up. These piers have to be avoided in ar- 
ranging foundations for machinery or in laying subsoil piping. 

In one instance, that of the German-American Building, where 
the foundation was on sand, the Chicago method was followed, 
of spreading the bases over the entire area by a gridiron of 
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I-beams, the lower series extending to a width of eleven feet, 
making the location of machinery a very difficult problem. 

In the Bowling Green Building many of the columns could 
have been set on the bare rock, on the northern half of the build- 
ing, but the concrete blocks were required by the regulation of 
the Department of Buildings, and the rock was blasted out for 
the purpose. The rock shelved off towards the Hudson, and 
degenerated into a conglomerate, which proved to be watery, 
reaching to the original shore of the river within historic times, 
where made ground began. The natural water level is above 
the sub-basement. 

Inthe Hudson Building, just across Broadway, the same depth 
of excavation did not expose the rock, and piles were driven about 
twenty to thirty feet through sandy clay to bedrock, the water 
level standing about two feet below the sub-basement level. 

The method of support of this building, which was designed 
by Mr. Henry Hoge, Member American Society of Civil En- 
gineers, consisted of a concrete bed formed on the pile tops, 
standing on which are exposed plate girders, five feet deep, 
across the sub-basement, on which the columns stand. Within 
the spaces thus formed the plant had to be arranged, which was 
accomplished as shown in the accompanying plan. 

In the Lord’s Court Building there is no sub-basement, but 
advantage was taken of the difference in level between the street 
and the Lord’s Court at the rear to afford air and light to engine 
and boiler rooms. This building is carried on brick piers under 
each column in the usual manner. In all buildings the columns 
and bases are cased in with fire-proof brick or terra-cotta. 

Space-—The general practice now provides a sub-basement 
for the purposes of the plant, providing much more space than 
could be afforded nearer the street. Yet such are the demands 
of business that even sub-basement space is valuable, and can- 
not altogether be devoted to the engineer. Such sub-basements 
are also very difficult places to provide with air and light, for 
which a very early demand must be made, if they are to be 
secured. The height generally is not less than ten feet, which, 
however is insufficient for water-tube boilers; therefore, the fire 
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room is usually excavated to a further depth, exposing the bases 
of columns and frequently going below the water line. 

In laying out the arrangements the guiding consideration is 
to so locate the boilers that the fire room will have a natural 
supply of light and air, and shall be readily accessible from the 
engine room. The author has departed in each instance from 
the practice of placing the boilers under the sidewalk, and has 
preferred even so long a flue as that in the Bowling Green 
Building, which is two hundred and forty feet in length, to a less 
advantageous position for the fire room. It must be recorded 
that the location of the chimney is usually fixed beforehand by 
the architect. 

The disposition of the main engines and pumps is chiefly 
decided by the position of the foundations of columns, and the 
necessity of access and repair. The arrangement of auxiliary 
pumps is such that they shall be so readily reached by the fire- 
man that it shall be unnecessary for the engineer to stand by 
them at all times. 

This also enables the engineer, at certain hours of light duty, 
td attend to the firing. 

The relative position of the coal storage to the fire room is of 
less consequence than its proportions. The fireman may easily 
attend to his own coal passing if provided with a track. But 
unless the coal storage is large, a coal trimmer must be kept to 
receive the daily supply. Trimming in the store costs, in cer- 
tain buildings, five to fifteen cents per ton. Such a large stor- 
age as the Bowling Green, which can contain 420 tons, has been 
found of advantage in reducing the price of fuel about ten cents 
per ton, as it is not required to be delivered at any particular 
hour. 

Buildings on Broadway are not permitted to receive coal or 
remove ashes and paper during certain hours, and consequently 
have to pay more foreach convenience. The cost of removal of 
ashes under such conditions is sixty-five cents per truckload ; but 
where the ash cans can be taken at any time, as on a rear street, 
the city removes without cost. 

Labor.—A considerable variety and extent of labor is required 
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in office buildings, and may be reduced by carefully planned 
arrangements and appliances, 

The general superintendence is commonly delegated to a rent- 
ing agent, who is paid by a percentage of three to five per cent. 
onthe rentals received. The actual duty of superintendence then 
falls on an employee who has, generally, a number of such build- 
ings in charge, which are therefore largely left to the mercy of 
the janitors. A better method is followed in some buildings by 
the addition of the duty to that of the chiefengineer, when much 
closer supervision over details of operation is possible. 

The rates of wages per week are as follows in an average 
sixteen-story building: 

One janitor, without residence 

One doorman, or hall porter 

One car starter, with uniform 

Four to six elevator boys, with uniform 
Three window cleaners..: 

One toilet cleaner 


Twenty to thirtyscrubwomen (5 tog P.M.,6togA.M.), 6.00 to 


and the following in the engineering department : 
$25.00 to $31.50 


20.00 
One electrician ‘20.00 
One night engineer 15.00 
One leading fireman 16.00 
One assistant, or night fireman ” 14.00 
One coal passer and ashman 12.00 
One oiler 2 12.00 


City Ordinances.—The chief engineer must carry a police cer- 
tificate, and the assistant engineers generally do so, while some 
work on a fireman’s certificate. Firemen’s certificates are issued 
by the Police Department after an oral examination by the Chief 
Inspector of Boilers, 

This Department has power to inspect and test boilers operat- 
ing over ten pounds pressure per square inch, and to issue fire- 
men’s licenses for same. 

28 
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Inspection is rarely exercised, and the test is simply the hydro- 
static application of double working pressure. The inspectors 
have no authority to deal with improper settings, proportions or 
connections, but do usually require, where more than one boiler 
are set in battery, two separate stop valves to each boiler, with a 
drip between the two, without which they decline to make the 
test. 

The Department of Buildings has power to prevent the opera- 
tion of any electrical power plant which does not comply with 
their electrical regulations, for which they issue an operating 
license to the owner. 

The Departments of Health and of Buildings have excellent 
regulations regarding sanitary appliances, but the Health ordi- 
nance respecting the exclusion of steam and vapor from the 
sewers is constantly violated. 

It is remarkable that the only trade employed in these large 
buildings which is subject to no regulation or supervision by 
authority is that of steamfitting. With the sole exception of a 
building requirement as to the protection of pipes concealed in 
proximity to woodwork, no demand can be made on them by 
authority, notwithstanding the numerous accidents which have 
been caused by faulty steam piping. 

Another matter demanding extension of authority is the dis- 
charge of heated air on sidewalks from the engine and boiler 
rooms of office buildings. 

Street Supplies.—There are in New York extensive purveyors 
of electricity, both direct and alternating currents, and steam 
under pressure. 

The latter extends over the greater portion of the down-town 
district. All, as well as gas and water, naturally demand con- 
sideration as to their use in operating plants. 

The author, in comparing cost of these supplies with ‘the ex- 
pected results of an independent plant, has found, at existing 
prices, the advantage to be in favor of the latter. 

Steam.—The steam supply is provided over the dawn-town 
portion of the city at a pressure of seventy pounds per square 
inch, while an economical use can be made in these buildings of 
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100 or 120 pounds pressure. The price of the steam supply is 
proportioned on the extent of its use, yet on largest and lowest 
basis it is in excess of the cost or local generation of steam. 
The case may be the reverse in smaller buildings, chiefly by 
reason of an economy in labor, but in the large office buildings 
a staff of men is necessary for maintenance and emergency work, 
and the wages of one fireman only represents about 16 per cent. 
of the full bill in an average building. 

The New York Steam Company have abandoned their attempt 
to regain the condensed water from these buildings, their efforts 
having proved futile with their past apparatus. Consequently, 
their steam is raised under less favorable conditions than is the 
case in the large buildings. 

It would seem that successful extension of this steam supply 
in future largely depends on the adoption of the modern methods 
by which this desirable feature can be assured, and their prices 
of steam thereby reduced. The difficulty of disposal of the hot 
condensed water from the large buildings is an objection to the 
use of this service. é 

Gas.—At the present price of $1.10 per thousand cubic feet of 
gas, a brake horse-power-hour can be obtained by a gas engine 
for a cost of two cents. This is certainly a low figure, and one 
that enters very closely into competition with steam. There 
are, however, certain disadvantages in the use of gas engines for 
these large buildings, which have hitherto deterred the author 
from their adoption. The great size of the units required is one, 
the liability to noise and to vibration is another. As the ma- 
chines would be situated in the basement, the least vaporous 
smell of gas would be promptly objected to by tenants. 

The question of irregularity of motion in lighting work can, 
no doubt, be disposed of by combination with a storage battery. 

The same remarks apply to the use of the petroleum engine, 
which, however, is at present limited to units of not exceeding 50 
effective horse-power. With these economical machines one 
brake horse-power can be obtained, at present prices of oil, for 
one cent per hour. 

Electricity —The electric supply of the illuminating companies 
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forms the most serious competitor with an independent plant. At 
present prices for power the nominal rate is ten cents per horse- 
power-hour by meter, and users of large quantities can scale 
this rate down to as low as four cents per electrical horse-power- 
hour on a use of 10,000 horse-power-hours per annum, with a 
still further reduction of about one-half cent if a storage battery 
be adopted. 

But, although the offer is of a temptingly simple and appar- 
ently advantageous character, a still further reduction in rates is 
required before the supply can compete with the results of a 
really economical independent plant. This reduction is prob- 
able, and, in combination with the storage battery and electric 
pumping for hydraulic elevators, the question will have to be 
reconsidered in the future. The charges must, of course, be in- 
creased by the cost of maintenance and interest on cost of the 
battery. 

At the time of the establishment of the Bowling Green Build- 
ing a careful computation showed, at the net price for lighting 
current of 8 cents per kilowatt-hour, including lamp renewals, 
and at the then price for elevator power of 7 cents per kilowatt- 
hour, an advantage in favor of an independent plant exceeding 
$5,000 per annum. The results of operation have shown a still 
larger advantage, as the plant was debited with the services of 
an engine-room staff of nine men, whereas it is now operated by 
only five hands. 

The item which largely operates in this comparison is the 
utilization of exhaust steam in house heating for the 100 or 120 
days of cold weather. 

The cost of a horse-power-hour for power, oil and repairs, 
generated by an independent plant, may be, with economic ar- 
rangements, as low as 2,4; cents, and a fair figure, inclusive of 
interest and depreciation, is 2,5, cents; adding one-half share of 
all engineering labor, which is more than its due, a covering fig- 
ure is 3,5; cents. 

The installation of an independent plant has, so far, been 
decided by these considerations and by its relative superior 
economy. In future it is quite possible that this economy will 
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be on the other side, but the use of such plants will, neverthe- 
less, probably continue on the ground of the desirability of in- 
dependence of outside supplies. 

Such an argument recently received forcible illustration when 
the entire steam supply of the New York Steam Company was 
cut off by the action of a Water Department foreman, in turning 
off a valve in the main, the steam heat, elevators and lights of 
upwards of four hundred buildings being cut off from 3 P. M. to 
g P. M., causing most serious disorganization and loss. 

The above considerations are those which lead up to and affect 
the decision to employ and install an independent plant in office 
buildings, such as those described in this paper. 


DISCUSSION. 


The discussion of this paper zz exfenso cannot be given in 
this number, but after reading the next paper, “The Central 
Heating Plant of the University of Wisconsin,” a general dis- 
cussion of the central plant idea was obtained with reference 
to both papers, and later the President, through Mr. Robison, 
invited expression of the views of the members regarding the 
advantages or disadvantages of a central station for power, light- 
ing and heating at large navy yards such as the New York 
yard. 

In this discussion considerable stress was laid upon the im- 
portance of avoiding the central-station craze and being misled 
by generalities. It was pretty clearly shown that the economies 
that might be secured by a central plant arrangement are not 
such as should alone govern decision. Accident to a central 
plant involved possible stoppage of work which far outweighed 
the lesser cost of unit output. 

The question of heating buildings distant from the central 
station was a grave one. It cannot be done economically by 
electricity, nor can exhaust steam be utilized at great distances. 
Transmission of live steam might be possible without serious 
loss if suitable tunnels for the piping could be built and radiation 
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losses reduced to a minimum by having the warm air from the 
tunnel drawn out by fans and delivered under the grate bars of . 
the boilers. This is not feasible in the New York yard, owing 
to tide-water level; besides it is not ideal altogether. 

If live steam could be thus delivered from a central-boiler 
plant, the electric power could be developed in each shop, and 
the exhaust steam from these dynamo engines used to heat the 
buildings. Where economy of output from a central plant might 
be considerable at full load, it would frequently happen that the 
plant would have to run far below this rating and at a loss. 

Considering all the views expressed, it appears to be the con- 
census of opinion that a single central-power plant for a scattered 
group of buildings is far from wise, especially where the require- 
ments of some of the distant shops may be great, and where it 
would be not uncommon to have to run the central plant simply 
for one of the group at times when particular demand was thus 
made. Also the heating question involved requirements which 
are not properly satisfied by the central-plant arrangement. 

Briefly, the trend of the discussion was to modify enthusiasm 
in the advocacy of central-plant stations, and to strongly bring 
out such real objections as would create conservatism, at least, 
in considering the question under all circumstances. As to a 
navy yard plant, with its attendant peculiar conditions, the 
weight of the arguments was against a central-plant installation. 
As with many other questions where a theoretical advantage, 
especially in point of economy of cost, appears certain, practical 
difficulties are found which are far out of proportion to the 
advantages. 


NOTES. 


THE PERSONNEL BILL. 


As the most important legislation of the last session of Con- 
gress, as far as Naval Engineers are concerned, was the passing 
of the Personnel Bill, there is no more fitting place for the record 
of its provisions than in the pages of this JouRNAL. 


An Act to reorganize and increase the efficiency of the personnel of the Navy and 
Marine Corps of the United States. 


Be it enacted by the Senate and House of Representatives of the 
United States of America in Congress assembled, That the officers 
constituting the Engineer Corps of the Navy be, and are hereby, 
transferred to the line of the Navy, and shall be commissioned 
accordingly. 

Sec. 2. That engineer officers holding the relative rank of 
captain, commander, and lieutenant-commander shall take rank 
in the line of the Navy according to the dates at which they at- 
tained such relative rank. Engineer officers graduated from 
the Naval Academy from eighteen hundred and sixty-eight to 
eighteen hundred and seventy-six, both years inclusive, shall 
take rank in the line next after the officers in the line who grad- 
uated from the Naval Academy in the same year with them: 
Provided, That when the date of a line officer’s commission as 
captain, commander, or lieutenant-commander and the date when 
the engineer officer attained the same relative rank of captain, 
commander, or lieutenant-commander are the same, the engineer 
officer shall take rank after such line officer. 

Sec. 3. That engineer officers who completed their Naval 
Academy course of four years from eighteen hundred and 
seventy-eight to eighteen hundred and eighty, both inclusive, 
shall take rank in the line as determined by the Academic Board 
under the Department’s instructions of December first, eighteen 
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hundred and ninety-seven; and engineer officers who completed 
their Naval Academy course of four years in eighteen hundred 
and eighty-one and eighteen hundred and eighty-two shall take 
rank in the line as determined by the merit roll of graduating 
classes at the conclusion of the six years’ course, June, eighteen 
hundred and eighty-three and eighteen hundred and eighty-four: 
Provided, That those engineer officers who were appointed from 
civil life, and whose status is not fixed by section two of this 
Act, shall take rank with other line officers according to the 
dates of their first commissions, respectively: And provided 
further, That the engineer officers who completed their Naval 
Academy course of four years in eighteen hundred and eighty- 
one and eighteen hundred and-eighty-two shall retain among 
themselves the same relative standing as shown on the Navy 
Register at the date of the passage of this Act. 

Sec. 4. That engineer officers transferred to the line who are 
below the rank of commander, and extending down to, but not 
including, the first engineer who entered the Naval Academy as 
cadet midshipman, shall perform sea or shore duty, and such duty 
shall be such as is performed by engineers in the Navy: Pro- 
vided, That any officer described in this section may, upon his 
own application, made within six months after the passage of this 
Act, be assigned to the general duties of the line, if he pass the 
examination now provided by law as preliminary to promotion 
to the grade he then holds, failure to pass not to displace such 
officer from the list of officers for sea or shore duty such as is 
performed by engineers in the Navy. 

Sec. 5. That engineer officers transferred to the line to per- 
form engineer duty only who rank as, or above, commander, or 
who Subsequently attain such rank, shall perform shore duty 
only. 

Sec. 6. That all engineer officers not provided for in sections 
four and five transferred to the line shall perform the duties now 
performed by line officers of the same grade: Provided, That 
after a period of two years subsequent to the passage of this Act 
they shall be required to pass the examinations now provided by 
law as preliminary to promotion to the grade they then hold, 
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and subject to existing law governing examinations for promo- 
tions. 

Sec. 7. That the active list of line of the Navy, as constituted 
by section one of this Act, shall be composed of eighteen rear- 
admirals, seventy captains, one hundred and twelve commanders, 
one hundred and seventy lieutenant commanders, three hundred 
lieutenants, and not more than a total of three hundred and fifty 
lieutenants (junior grade) and ensigns: Provided, That each rear- 
admiral embraced in the nine lower numbers of that grade shall 
receive the same pay and allowance as are now allowed a briga- 
dier-generalinthe Army. Officers, after performing three years’ 
service in the grade of ensign, shall, after passing the examina- 
tions now required by law, be eligible to promotion to the grade 
of lieutenant (junior grade): Provided, That when the office of 
chief of bureau is filled by an officer below the rank of rear-ad- 
miral, said officer shall, while holding said office, have the rank of 
rear-admiral and receive the same pay and allowance as are now 
allowed a brigadier-general in the Army: And provided further, 
That nothing contained in this section shall be construed to 
prevent the retirement of officers who now have the rank or 
relative rank of commodore with the rank and pay of that grade: 
And provided further, That all sections of the Revised Statutes 
which, in defining the rank of officers or positions in the Navy, 
contain the words “ the relative rank of” are hereby amended so 
as to read “the rank of,” but officers whose rank is so defined 
shall not be entitled, in virtue of their rank to command in the 
line or in other staff corps. Neither shall this Act be construed 
as changing the titles of officers in the staff corps of the Navy. 
No appointments shall be made of civil engineers in the Navy 
on the active list under section fourteen hundred and thirteen of 
the Revised Statutes in excess of the present number, twenty- 
one. 

Sec. 8. That officers of the line in the grades of captain, com- 
mander and lieutenant-commander may, by official application to 
the Secretary of the Navy, have their names placed on a list which 
shall be known as the list of “Applicants for voluntary retire- 
ment,” and when at the end of any fiscal year the average vacan- 
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cies for the fiscal years subsequent to the passage of this Act above 
the grade of commander has been less than thirteen, above the 
grade of lieutenant-commander less than twenty, above the grade 
of lieutenant less than twenty-nine, and above the grade of lieu- 
tenant (junior grade) less than forty, the President may, in the 
order of the rank of the applicants, place a sufficient number on 
the retired list with the rank and three-fourths the sea pay of the 
next higher grade, as now existing, including the grade of com- 
modore, to cause the aforesaid vacancies for the fiscal year then 
being considered. 

Sec. 9. That should it be found at the end of any fiscal year 
that the retirements pursuant to the provisions of law now in 
force, the voluntary retirements provided for in this Act, and 
casualties are not sufficient to cause the average vacancies enu- 
merated in section eight of this Act, the Secretary of the Navy 
shall, on or about the first day of June, convene a board of five 
rear-admirals, and shall place at its disposal the service and medi- 
cal records on file in the Navy Department of all the officers in 
the grades of captain, commander, lieutenant-commander and 
lieutenant. The board shall then select, as soon as practicable 
after the first day of July, a sufficient number of officers from the 
before-mentioned grades, as constituted on the thirtieth day of 
June of that year, to cause the average vacancies enumerated in 
section eight of this Act. Each member of said board shall 
swear, or affirm, that he will, without prejudice or partiality, and 
having in view solely the special fitness of officers and the effi- 
ciency of the naval service, perform the duties imposed upon 
him by this Act. Its finding, which shall be in writing, signed 
by all the members, not less than four governing, shall be trans- 
mitted to the President, who shall thereupon, by order, make the 
transfers of such officers to the retired list as are selected by the 
board: Provided, That not more than five captains, four com- 
manders, four lieutenant-commanders, and two lieutenants are 
so retired in any one year. The promotions to fill the vacancies 
thus created shall date from the thirtieth day of June of the 
current year: And provided further, That any officer retired un- 
der the provisions of this section shall be retired with the rank 
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and three-fourths the sea pay of the next higher grade, including 
the grade of commodore, which is retained on the retired list for 
this purpose. 

Sec. 10. That of the naval constructors five shall have the 
rank of captain, five of commander, and all others that of lieu- 
tenant-commander or lieutenant. Assistant naval constructors 
shall have the rank of lieutenant or lieutenant (junior grade). 
Assistant naval constructors shall be promoted to the grade of 
naval constructor after not less than eight or more than fourteen 
years’ service as assistant naval constructor: Provided, That the 
whole number of naval constructors and assistant naval con- 
structors on the active list shall not exceed forty in all. 

Sec. 11. That any officer of the Navy, with a creditable record, 
who served during the civil war, shall, when retired, be retired 
with the rank and three-fourths the sea pay of the next higher 
grade. 

Sec. 12. That boatswains, gunners, carpenters, and sailmakers 
shall after ten years from date of warrant be commissioned chief 
boatswains, chief gunners, chief carpenters, and chief sailmakers, 
to rank with but after ensign: Provided, That the chief boat- 
swains, chief gunners, chief carpenters, and chief sailmakers shall 
on promotion have the same pay and allowances as are now al- 
lowed a second lieutenant in the Marine Corps: Provided, That 
the pay of boatswains, gunners, carpenters, and sailmakers shall 
be the same as that now allowed by law: Provided further, That 
nothing in this Act shall give additional rights to quarters on 
board ship or to command, and that immediately after the pass- 
age of this Act boatswains, gunners, carpenters, and sailmakers, 
who have served in the Navy as such for fifteen years, shall be 
commissioned in accordance with the provisions of this section, 
and thereafter no warrant officer shall be promoted until he shall 
have passed an examination before a board of chief boatswains, 
chief gunners, chief carpenters, and chief sailmakers, in accord- 
ance with regulations prescribed by the Secretary of the Navy. 

Sec. 13. That, after June thirtieth, eightéen hundred and ninety- 
nine, commissioned officers of the line of the Navy and of the 
Medical and Pay Corps shall receive the same pay and allow- 
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ances, except for forage, as are or may be provided by or in 
pursuance of law for the officers of corresponding rank in the 
Army: Provided, That such officers when on shore shall receive 
the allowances, but fifteen per centum less pay than when on sea 
duty ; but this provision shall not apply to warrant officers com- 
missioned under section twelve of this Act: Provided further, 
That when naval officers are detailed for shore duty beyond seas 
they shall receive the same pay and allowances as are or may be 
provided by or in pursuance of law for officers of the Army de- 
tailed for duty in similar places: Provided further, That naval 
chaplains, who do not possess relative rank, shall have the rank 
of lieutenant in the Navy; and that all officers, including war- 
rant officers, who have been or may be appointed to the Navy 
from civil life shall, on the date of appointment, be credited, for 
computing their pay, with five years’ service. And all provi-. 
sions of law authorizing the distribution among captors of the 
whole or any portion of the proceeds of vessels, or any property 
hereafter captured, condemned as prize, or providing for the 
payment of bounty for the sinking or destruction of vessels of 
the enemy hereafter occurring in time of war, are hereby re- 
pealed: And provided further, That no provision of this Act 
shall operate to reduce the present pay of any commissioned 
officer now in the Navy; and in any case in which the pay of 
such an officer would otherwise be reduced he shall continue to 
receive pay according to existing law: And provided further, 
That nothing in this act shall operate to increase or reduce the 
pay of any officer now on the retired list of the Navy. 

Sec. 14. That upon the passage of this Act the Secretary of 
the Navy shall appoint a board for the examination of men for 
the position of warrant machinists, one hundred of whom are 
hereby authorized. The said examination shall be open, first, to 
all machinists by trade, of good record in the naval service, and 
if a sufficient number of machinists from the Navy are not found 
duly qualified, then any machinist of good character, not above 
thirty years of age, in civil life, shall be eligible for such exam- 
ination and appointment to fill the remaining vacancies. All 
subsequent vacancies in the list of warrant machinists shall be 
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filled by competitive examination before a board ordered by the 
Secretary of the Navy, and open to all machinists by trade who 
ate in the Navy,and machinists of good character, not above 
thirty years of age, in civil life, authorized by the Secretary of 
the Navy to appear before said board, and, where candidates 
from civil life and from the naval service possess equal qualifica- 
tions, the preference shall be given to those from the naval 
service. 

Sec. 15. That the pay of warrant machinists shall be the same 
as that of warrant officers, and they shall be retired under the 
provisions of existing law for warrant officers. Warrant ma- 
chinists shall receive at first an acting appointment, which may 
be made permanent under regulations established by the Navy 
Department for other warrant officers. They shall take rank 
with other warrant officers according to dates of appointment 
and shall wear such uniform as may be prescribed by the Navy 
Department. 

Sec. 16. That hereafter the term of enlistment of all enlisted 
men of the Navy shall be four years: Provided, That section 
fifteen hundred and seventy-three, Revised Statutes, be amended 
to read: “If any enlisted man or appretentice, being honorably 
discharged, shall re-enlist for four years within four months there- 
after, he shall, on presenting his honorable discharge or on’ac- 
counting in a satisfactory manner for its loss, be entitled to pay 
during the said four months equal to that to which he would 
have been entitled if he had been employed in actual service; 
and that any man who has received an honorable discharge from 
his last term of enlistment, or who has received a recommenda- 
tion for reenlistment upon the expiration of his last term of ser- 
vice of not less than three years, who reenlists for a term of four 
years within four months from the date of his discharge, shall 
receive an increase of one dollar and thirty-six cents per month 
to the pay prescribed for the rating in which he serves for each 
consecutive reenlistment.” 

Sec. 17. That when an enlisted man or appointed petty officer 
has served as such thirty years in the United States Navy, either 
as an enlisted man or petty officer, or both, he shall, by making 
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application to the President, be placed on the retired list hereby 
created, with the rank held by him at the date of retirement; 
and he shall thereafter receive seventy-five per centum of the 
pay and allowances of the rank or rating upon which he was 
retired: Provided, That if said enlisted man or appointed petty 
officer had active service in the Navy or in the Army or Marine 
Corps, either as volunteer or regular, during the civil or Spanish- 
American war, such war service shall be computed as double 
time in computing the thirty years necessary to entitle him to 
be retired: And provided further, That applicants for retirement 
under this section shall, unless physically disqualified for service, 
be at least fifty years of age. 

Sec. 18. That from and after the date of the approval of this 
Act the active list of the line officers of the United States Marine 
Corps shall consist of one brigadier-general commandant, five 
colonels, five lieutenant-colonels, ten majors, sixty captains, sixty 
first lieutenants and sixty second lieutenants: Provided, That 
vacancies in all grades in the line created by this section shall 
be filled as far as possible by promotion by seniority from the 
line officers on the active list of said Corps: And provided fur- 
ther, That the commissions of officers now in the Marine Corps . 
shall not be vacated by this Act: And provided further, That 
vacancies in the grade of brigadier-general shall be filled by 
selection from officers on the active list of the Marine Corps 
not below the grade of field officer. 

Sec. 19. That the vacancies existing in said Corps after the 
promotions and appointments herein provided for shall be filled 
by the President from time to time, whenever the actual needs 
of the naval service require it, first, from the graduates of the 
Naval Academy in the manner now provided by law; or, second, 
from those who are serving or who have served as second lieu- 
tenants in the Marine Corps during the war with Spain ; or, third, 
from meritorious non-commissioned officers of the Marine Corps; 
or, fourth, from civil life: Provided, That after said vacancies are 
once filled there shall be no further appointments from civil life. 

Sec. 20. That no person except such officers or former grad- 
uates of the Naval Academy as have served in the war with 
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Spain, as hereinbefore provided for, shall be appointed a com- 
missioned officer in the Marine Corps who is under twenty or 
over thirty years of age; and that no person shall be appointed 
a commissioned officer in said corps until he shall have passed 
such examination as may be prescribed by the President of the 
United States, except graduates of the Naval Academy, as above 
provided. That the officers of the Marine Corps above the grade 
of captain, except brigadier-general, shall, before being promoted, 
be subject to such physical, mental and moral examination as is 
now, or may hereafter be, prescribed by law for other officers of 
the Marine Corps. 

Sec. 21. That upon the passage of this Act not more than 
forty-five of the captains, forty-five first lieutenants and forty-five 
second lieutenants herein provided for shall be appointed ; fifteen 
captains, fifteen first lieutenants and fifteen second lieutenants to 
be appointed subsequently to January first, nineteen hundred. 

Sec. 22. That the staff of the Marine Corps shall consist of 
one adjutant and inspector, one quartermaster and one paymaster, 
each with the rank of colonel; one assistant adjutant and in- 
spector, two assistant quartermasters and one assistant paymaster, 
each with the rank of major; and three assistant quartermasters 
with the rank of captain. That the vacancies created by this 
Act in the departments of the adjutant and inspector and pay- 
master shall be filled first by promotion according to seniority 
of the officers in each of these departments respectively, and 
then by selection from the line officers on the active list of the 
Marine Corps not below the grade of captain, and who shall 
have seen not less than ten years’ service in the Marine Corps. 
That the vacancies created by this Act in the quartermaster’s 
department of said corps shall be filled, first by promotion ac- 
cording to seniority of the officers in this department, and then 
by selection from the line officers on the active list of said corps 
not below the grade of first lieutenant ; Provided, That all va- 
cancies hereafter occurring in the staff of the Marine Corps shall 
be filled first by promotion according to seniority of the officers 
in their respective departments, and then by selection from offi- 
cers of the line on the active list, as hereinbefore provided for. 
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Sec. 23. That the enlisted force of the Marine Corps shall 
consist of five sergeant majors, one drum major, twenty quarter- 
master sergeants, seventy-two gunnery sergeants with the rank 
and allowance of the first sergeant, and whose pay shall be 
thirty-five dollars per month; sixty first sergeants; two hun- 
dred and forty sergeants; four hundred and eighty corporals; 
eighty drummers; eighty trumpeters; and four thousand nine 
hundred and sixty-two privates. 

Sec. 24. That the band of the United States Marine Corps shall 
consist of one leader, with the pay and allowances of a first lieu- 
tenant; one second leader, whose pay shall be seventy-five dol- 
lars per month, and who shall have the allowances of a sergeant 
major; thirty first class musicians, whose pay shall be sixty dol- 
lars per month; and thirty second class musicians whose pay 
shall be fifty dollars per month and the allowances of a sergeant ; 
such musicians of the band to have no increased pay for length 
of service. 

Sec. 25. That the oath of allegiance now provided for the offi- 
cers and men of the Army and Marine Corps shall be adminis- 
tered hereafter to the officers and men of the Navy. 

Sec. 26. That all acts and parts of acts, so far as they conflict 
with the provisions of this Act, are hereby repealed. 

Approved, March 3, 1899. 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 


The thirty-ninth meeting of this Society was held May 9g to 
12, at Washington, D. C., at the Arlington Hotel, and was a con- 
spicuous success. There was a large and enthusiastic represen- 
tation of the membership and a close following of the reading 
and discussion of the valuable papers presented at the several 
sittings. We print elsewhere in this issue one of these, “ Equip- 
ment of Tall Office Buildings in New York City,” with special 

reference to the contained views regarding central power plants. 

This feature has a particularly important bearing on the equip- 
ment of navy yards, and also is of deep interest to naval engineers 

generally. 


: 
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It was fortuitous that the Society should be able to have its 
newly elected president, Rear Admiral George W. Melville, 
U.S. N., in the chair at all the sessions of this meeting and 
lend to the proceedings not only the interest attached to his 
personality but also the benefit of that tact and intuitively sound 
judgment in which he is excelled by no one in the engineering 
world. With this ideal presiding officer the proceedings were 
neither marked by faux pas nor dulled by prolixity. 

Aside from the business features of the meeting, the occa- 
sion was marked by a number of most enjoyable social events, 
culminating in a reception given by Mr. and Mrs. George West- 
inghouse, which surpassed in brilliancy and decorative charm 
anything of like nature ever given in the Capital. Their resi- 
dence, the Blaine House, was extensively enlarged by temporary 
additions, for the occasion, and the recollection of the surpassing 
beauty of the interior and the kaleidoscopic picture of the as- 
sembly will be a lasting souvenir to all who were fortunate 
enough to attend. 

During the business sessions, at the Arlington Hotel, the 
following papers were read and discussed : 


Wednesday Morning, May roth, 10°30. 


Stanwoop, J. B.: Standards for Direct-Connected Generating 
Sets. 

Hate, R. S.: Boiler and Furnace Efficiencies. 

Emory, F. L.: Test of a Steam Separator. 

HEnninG, Gus C.: Investigations of Boiler Explosions. 


Wednesday Evening, May toth, 800. 


Emory, F. L.: Relation Between Initial Tension and Power 
Transmitted by a Belt. 

Newcoms, C. L.: Experiments on Various Types of Fire 
Hydrants, 

BissELL, G. W.: Experiences with Deep-Well Pumping Rods. 

Nac_E, A. F.: Pipe Flanges and their Bolts. 

HENDERSON, GEORGE R.: Manufacture of Car Wheels. 

29 
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Thursday Morning, May 11th, 10°30. 


Botton, R. P.: Equipment of Tall Office Buildings in New 
York City. 

Butt, Storm: The Central Heating Plant of the University of 
Wisconsin. 

Dar inc, E. A.: The Power Plant of a University. 

ALDEN, G. I.: The Plunger Elevator. 
Pratt, C. R.: Elevators. 


Friday Morning, May 12th, ro‘oo. 


Quereau, C. H.: The Allen Valve for Locomotives. 

Fritz, Joun: Rolling Mill Fly-Wheels. 

Gorpon, F. W.: New System of Valves for Steam Engines, 
Air Engines and Compressors. 


CAST-STEEL PROPELLER HUBS. 


The effect of the galvanic action on a propeller hub is illus- 
trated in the accompanying cut, which is from a drawing of the 
developed cast-steel hub of the Revenue Steamer McCulloch's 
propeller. The ship is copper sheathed and the blades of pro- 
peller are bronze, so that the steel hub could scarcely have been 
expected to remain intact. The white portion of the hub repre- 
sents the original surface, while the light shading is where 
pitting occurred to a depth of { inch, and at the black parts 
the metal was eaten away to a depth of 1} inches. This effect 
being produced with little over two years’ service. 


BORNEO OIL FOR FUEL. 


The oil fields of Borneo are attracting a great deal of attention 
from English capitalists, says the “ Oil City Derrick,” and the 
product is finding its way into general use for fuel purposes on 
many of the steamships of the Eastern ocean. A large number 
of vessels is now under construction especially designed for the 
use of fuel oil, and there are eight oil steamers engaged in carry- 
ing petroleum produced in Borneo to the Eastern trade. The 
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business of transporting oil in bulk through the Suez canal is 
constantly increasing. In the Far East tanks have been erected 
at ports ranging from Yokohoma to Suez, including all the In- 
dian ports, while cargoes of Borneo oil have also been landed at 
the principal ports. 

Sir Marcus Sanmel, a gentleman largely interested in the de- 
velopment of the oil fields of Borneo, recently read a paper before 
‘the British Society of Arts, upon Borneo petroleum and its em- 
ployment as fuel in steamships. As regards the development of 
the Borneo fields, he stated that the first steamer employed in the 
business of transporting oil in bulk through the Suez canal was 
a vessel of 4,000 tons burden of oil, while the largest of those 
employed now carried 6,500 tons; three steamers are in course 
of construction to carry 9,000 tons of oil each, or 3,000,000 gal- 
lons. There was an enormous future before this fuel, even if it 
only depended upon its relative cost, compared with coal; but 
when they came to the collateral advantages it enjoyed, the ben- 
efits of using it, as compared with coal, were simply overwhelm- 
ing. As showing the immunity from danger, he said that the 
business having been conducted for now over seven years not a 
single accident of any kind had happened, either to a ship while 
engaged in carrying oil, or to an installation. Dealing with the 
relative efficiency of oil and coal, the speaker instanced the per- 
formance of the boiler of a launch used in Hong Kong. In this 
repeated and carefully-checked tests had shown that, while the 
consumption of coal was 7 pounds per minute, the consumption 
of oil was only 2 pounds per minute. The pressure of steam 
realized by 7 pounds of coal was from 96 pounds to 105 pounds, 
while that raised by 2 pounds of oil was sustained at 116 to 120 
pounds. The speed realized in the launch under coal had never 
exceeded g knots, while under oil a speed of 10} knots was readily 
maintained. The author then dealt with the application of oil 
fuel to locomotives, and, in conclusion, said oil could be carried 
in spaces which it was impossible to utilize in any other way. 

Oil carried in the bottom of a steamer, below the water line, 
would be impervious to shot, and by the system of service tanks, 
patented by Sir Fortescue Flannery, as oil was pumped out of the 
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ballast tanks of a steamer water could readily be taken in to re- 
place it. The importance of the new departure had been promptly 
recognized by Lloyds, who had issued regulations allowing 
liquid fuel having a flash point of over 200 degrees Fahrenheit 
to be carried in steamers’ ballast tanks, and this would greatly 
facilitate its general use. The speaker said that the experimental 
stage in the burning of liquid fuel had long since been passed. 
No less than 7,000,000 tons per annum are consumed in Russia 
for liquid fuel alone. A great number of vessels, hitherto burn- 
ing coal, are being altered so as to use petroleum under their 
boilers. The results thus far have answered the demands of 
vessel owners beyond the most sanguine expectations. The 
field for fuel oil is a large one, and most of the oil produced on 
the Eastern continent seems better suited for fuel than illumi- 
nating purposes. 


THE PROTECTION OF IRON FROM RUST. 


It is generally considered that the only thing needful for the 
full protection of iron is the prevention of contact with moist- 
ure, and therefore any paint which will adhere to the iron and 
will repel water is assumed to be a sufficient precaution. An 
exhaustive paper in a recent number of “ Engineering,” shows, 
however, that not infrequently the paint itself may contain or 
produce corrosive agents which may injure the very structure 
they are to protect. 

One of the simplest and most generally used paints is dis- 
cussed, 2. ¢., a mixture of pigment, such as red oxide of lead (red 
lead), or red oxide of iron, with linseed oil. Such a mixture is 
practically the same as a soap, similar in all respects to a soap 
made by mixing an alkali with an oil or fat. Now, linseed 
oil consists of several organic acids, and of the radicle from 
which glycerine is formed, and when the glycerine is eliminated 
by boiling with an oxide the fatty acids are in a suitable con- 
dition to become oxidized into tough elastic skins. 

If these simple chemical reactions could be perfectly carried 
out, the production of a good protective paint would be a simple 
matter, but in fact it is difficult to insure the complete separation 
of all the glycerine. Instead, therefore, of removing all the 
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glycerine, it is attempted to render it harmless by absorbing it 
in some material for which it has an affinity. Such absorbing 
materials are found in oxide of lead, oxide of iron, or various 
resinates, etc., which are generally used in protective paints. In 
some paints the free glycerine is absorbed to a large extent ; for 
example, in red-lead paint the free glycerine is absorbed to the 
extent of seven-eighths, and in red oxide of iron it is absorbed to 
the extent of three-quarters, but in no paint is it completely ab- 
sorbed, and in an effective protecting paint, therefore, some 
special substance must be used to complete the absorption. 

The compounds known as driers or siccatifs, which are added 
to paint for the express purpose of quickening the drying or hard- 
ening process absorb the pure glycerine. As a matter of fact, 
these driers are more often than not, compounds, which also, by 
decomposition, eliminate glycerine, particularly so those driers 
which are made by boiling litharge with linseed oil. Those driers 
which are compounds of manganese salts, or else resinates, are 
the most perfect compounds for absorbing—and therefore pre- 
venting mischief arising from—the glycerine. 

The danger which arises from the use of a so-called protective 
paint which contains free glycerine lies in the insidious manner 
in which it eats into the metal. The paint may appear all right, 
and may form a hard, smooth, and apparently impermeable coat- 
ing upon the metallic surface which it is intended to protect, 
while at the same time it may contain in its substance, beneath 
the outer skin, a material which, being gradually released, is 
most corrosive in its action. In addition to the oxidation which 
the glycerine causes in the iron, it also causes the formation of 
blisters, and by reason of its affinity for water, it produces water- 
filled blisters, which gradually push up the paint and cause it to 
flake off. It is most essential, therefore, in the selection of a 
paint for the protection of structural works of iron or steel, to 
look for this most dangerous foe, glycerine.-—“The British Press.” 


AN IMPROVENENT IN OPEN-HEARTH STEEL MAKING. 


At the Alexandrovski Works, in Southern Russia, a modifica- 
tion of the Siemens ore process was introduced, in 1894, by Mr. 
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Gorjainow. The ore, a hematite from Karnowatka, containing 
Fe,O, 87.32 per cent., SiO, 7.70 per cent., and Al,O, 2.87 per 
cent., is mixed with 17.6 per cent. of dolomite and melted down 
in an open-hearth furnace, the mixture being easily fusible at 
about 500 degrees or 600 degrees Centigrade. Melted cast- 
iron is then run in, and a violent reaction takes place between 
the carbon of the metal and the oxygen of the ore, the efferves- 
cence being so great that the capacity of the furnace must be 
about four times that of an ordinary open-hearth furnace worked 
in the usual way. The operation is very much shortened, the 
charge being finished in six hours instead of twelve hours, and 
the consumption of scrap is considerably reduced. The furnace- 
bed is made of lumps of chromic iron ore, the joints being 
filled with a grouting of iron ore and lime. The yield in sound 
ingots is from 76 per cent. to 80 per cent. of the material charged, 
and the loss by oxidation from 12.6 per cent. to 16.5 per cent. 
Trials of the method have also been made at Nadjeshidinsk 
Works in the Ural, with an ore similar in composition to that of 
Karnowatka, about 40 per cent. of lime being required, as it is 
rather siliceous, about 24 per cent. of ore is necessary for the 
complete decarburizing of the pig iron. As the blast furnace 
was not at work, the metal was added cold to the mixture of 
lime and ore, which was rendered perfectly fluid in one hour 
and ten minutes. In this way the reaction, which begins as soon 
as the first portion of the ore is melted, is less violent, and a 
smaller furnace can be used than with direct metal from the blast 
furnace. The iargest proportion of ore used was 30 per cent. of 
the weight of the pig iron, and 16.38 per cent. of dolomite, of 
which amount 12.28 per cent. was required for fluxing silica and 
3.9 per cent. for alumina.—Stahl und Eisen, vol. xviii, 1898, 
Pp. 174. 


A GAS-ENGINE DRIVE IN A MACHINE SHOP. 


The following from a paper by A. R. Bellamy, read before the 
Manchester (England) Association of Engineers, embodies re- 
liable information in a line with the inquiries of many of our 
readers. It is well known that the gas engine is much more ex- 
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tensively employed in Great Britain and on the Continent than 
in the United States, and we can, therefore, still look for the 
most complete and reliable information upon this specific subject 
from our friends across the water. We have here, then, a 
straightforward account of the installation and cost of operation 
of a complete fuel-gas generating and gas-engine driving plant 
in actual operation and driving a machine shop. The paper 
continues : 

“Our factory is of very simple design, and therefore offers no 
difficulties in the distribution of the power. The works are di- 
vided into two shops joined into one another, and forming a 
covered floor space 408 feet long by 75 feet wide. The portion 
we call the ‘ old shop’ is 288 feet long by 75 feet wide, and the 
‘new shop’ is 120 feet long by 75 feet wide. The ‘ old shop’ has 
two long lines of shafting running the entire length. One line of 
this shafting is driven on the east side by one of our 40-brake 
horse-power ‘ Stockport’ gas engines. The power is transmitted 
across the shop to the line of shafting on the west side by means 
of belts, the drive being divided half way. Here we have fixed 
fast and loose pulleys so that the line of shafting on the west side 
can be stopped when desired. From these two lines of shafting 
are driven all the countershafts for the tools in the main shop; 
also, the machines in the pattern shop, and the blower, etc., in 
the smithy. The total length of the main shafting is 563 feet, 
and it varies in size from 1# to 34 inches diameter. It is carried 
in 83 bearings, fixed on brackets secured to the wall. The 
countershafts number 87, carried in 182 bearings, and the total 
amount of belting is 2,500 feet, ranging from 2 to 5 inches wide. 
The following are the tools driven from these two lines: four fly- 
wheel and pulley turning lathes; five crank lathes; ten planing 
and shaping machines ; six cylinder-boring lathes ; eight drilling 
machines; six milling machines; five capstan lathes; thirty-five 
lathes, averaging 10-inch centers (20-inch swing); seven ma- 
chines, various ; eleven grinding and emery stones; one circular 
planing machine; one blower ; three machines in pattern shop ; 
making a total of 102 machines. 

“The ‘new shop’ is driven by a second engine of 40-brake 
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horse-power. This engine drives a countershaft which operates 
the dynamo, and also by another belt drives the line of shafting 
60 feet long, 3 inches diameter, with nine bearings carried from 
the wall by brackets on the east side. From this shaft power is 
taken by belts for turning six counter shafts of a total length of 
42 feet, with twelve bearings and 400 feet of belting from 2 to 5 
inches wide, and the following fairly heavy tools: One planing 
machine to plane 12 feet long by 4 feet 9 inches wide and 4 feet 
high, and to cross plane 4 feet 9 inches long; one planing ma- 
chine to plane g feet long by 4 feet six inches wide by 3 feet 6 
inches high; one fly-wheel turning lathe, capable of machining 
fly wheels up to g feet diameter by 24 inches wide (this tool is 
fitted with back and front rests, and an independent boring and 
facing headstock for operating upon the boss and hole whilst the 
rim is being turned); one 5-feet radial drilling machine; one 
screwing machine; making a total of 5 machines.” 

The results of the horse-power tests in “old shop” were: 


Power absorbed by the friction of the engine and driving belt on the loose 
Main shafting, with all countershafts running, but machine belts on loose 

| All machines working in the ordinary daily routine...............cccsseceeeeeeeeees 17.75 
Grindstones and emery wheels 


Total (indicated) 


The results of the horse-power tests in “new shop” were: 


Power absorbed by engine friction and driving belt on loose pulley............ 8.5 
Countershaft for driving dynamo with the dynamo running light................ 3-5 
Main shaft, with countershafts and all belts on loose pulleys................+00+8 2.2 
All machines working in the ordinary way and large fly-wheel lathe, three 

Five-ton electric crane. Average constant horse-power, taken from a series 


The method adopted for getting at the power was very simple. 
By means of the indicator the exact horse-power was ascertained 
for each explosion, so that it was only necessary to count the 
number of impulses to obtain the requisite information. A suit- 


Total (indicated ) 23:5 
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able counter was attached to the engine for this purpose, and 
diagrams were taken at intervals to make sure that there was no 
variation in the force of the explosion. To further check the 
accuracy of this method the engine was tested by the dynamo- 
meter, the number of impulses being the same as when the full 
shop load was on the engine, and these results corroborated the 
powers previously ascertained. 

The test of the power for working the machines was taken 
over some period, and the average power was calculated from the 
various readings. The total horse-power that we have in the 
engine which drives the “old shop” is not more than forty brake 
or effective horse-power, and at-no time during the test was this 
maximum power required. 

It was somewhat difficult to obtain the exact amount of power 
absorbed by the crane, owing to its intermittent working, so we 
had to take observations over some time and strike an average 
for the constant horse-power. The maximum powers taken by 
the crane when loaded with six tons are as follows: 

Cross traverse at 66 feet per minute, 3.0 estimated horse-power. 

Longitudinal travel at 130 feet per minute, 4.6 estimated horse- 
power. 

Hoisting at 15 feet per minute, 14 estimated horse-power. 

The same dynamo that generates electric current for the crane 
is also used for the lighting of the shop and offices with arc and 
incandescent lamps. Dealing first with the power for driving 
the works, we have in the old shop say, 45 indicated horse- 
power, and in the new shop, say 21 indicated horse-power, or a 
total of 69 indicated horse-power. The gas consumption worked 
out at the rate of 67 cubic feet per indicated horse-power per 
hour. The costs were taken for an ordinary working week of 
53 hours, with an allowance of one hour for the time the engines 
are running before and after shop hours. 69 X 67 X 54 equals 
a total consumption of 249,642 cubic feet of fuel gas, say 250,000 
cubic feet. Reckoning 14 pounds of fuel per 1,000 cubic feet, 
then the coal used equals 3,500 pounds, which at 25s. ($6.25) 
per ton amounts to £1 Igs. Od. ($9.75). 

Tabulating the total cost for one week, we have: 
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($9.75) 
($6.25) 
($1.00) 

($9.00) 
4 © ($26.00) 


Which is at the rate of a little under 2s. (50 cents) per hour. Re- 
ducing the cost to a single horse-power per hour, a total of 8,726 
horse-power hours at a cost of £5 4s., which is at the rate of one- 
third of a penny (two-thirds of a cent) per indicated horse-power 
per hour, which covers all charges. 

“ Gas Consumption.—As our engines are worked with fuel gas, 
we obtained the gas consumption in this way: The gas holder 
was filled with gas and all connections were shut off between 
the producer and the gasometer. The engine was then indi- 
cated, and the number of explosions registered by the counter 
for each foot of fall of the gas holder. As the holder has a 
capacity of about 6,000 cubic feet, the result can be considered 
as accurate. 

“ Fuel Consumption—This we have frequently tested, and we 
find that, taking an average working week of fifty-three hours, 
the quantity of anthracite coal required to produce 1,000 cubic 
feet of fuel gas is 14 pounds, which includes stand-by loss, and 
an allowance for generating the necessary steam for making the 
gas. 
“ Cost of Labor.—The gas plant is fixed in close proximity to 
the steam boiler. This boiler is principally used for generating 
steam for the steam hammers, and for ‘heating the factory when 
required. One man attends to the boiler and gas plant, and we 
find that the latter does not take up half his time. One of the 
laborers looks after the gas engines, but this does not occupy 
his attention more than two hours per day. I have, therefore, 
assumed the wages of one man at 25s. ($6.25) per week to attend 
to the gas plant and the two gas engines. This is an ample al- 
lowance, and from my experience would be sufficient for double 
the power we are at present using. 

“The cost of water I have neglected, as the quantity used is 
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very small. The amount required for making the gas is less 
than 1,000 gallons per week, and there is also a little loss from 
evaporation in the water which circulates through the cylinder 
jackets. _ This water we obtain from a well. 

“ The cost of the fuel-gas per 1,000 cubic feet works out as fol- 
lows: 


Fuel per week, 3,500 pounds at 25s. per ton.,........cseeceeeeeeees ($9.75) 
Labor (half man’s time, at 25s. per week),.............::0seeeeeees ($3-12) 


($4.00) 


“As the total quantity of gas made is 250,000 cubic feet per 
week, the cost therefore works out to 3}d. (6} cents) per 1,000 
cubic feet. 

“It is only fair to say that one man could work a plant of twice 
the capacity, and in so doing the cost of labor would be mate- 
rially reduced. Again, an addition of £100 ($500) expenditure 
would double the output of gas, so that the item for interest, de- 
preciation and repairs would be materially decreased. 

“In order to make a comparison with a steam engine I again 
take 3,726 horse-power hours for a total consumption of 3,500 
pounds of fuel. This equals 0.939 pound per indicated horse- 
power per hour, and includes all stand-by losses. It may be said 
that the cost of fuel per ton is very much higher than ordinary 
steam coal; but allowing it to be three times as costly, it then 
comes out as the equivalent of 2 pounds per indicated horse- 
power for 69 indicated horse-power, a result which will compare 
most favorably with the best steam engines of much greater 
power. We are, however, within measurable distance of mak- 
ing a better gas from the commonest form of Bava which will 
reduce the cost of fuel 75 per cent. 

“Outside the question of economy there are many other ad- 
vantages over steam, among which are the following: Start ata 
moment’s notice, no time lost in getting up steam, less stand-by 
loss, practically no smoke, less fuel to handle and little or no 
ashes to remove, great economy in water, no tall chimney to 
build and no flues to clean. 
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“Considering the matter now from the electrical engineer's 
standpoint, we have a total of 69 indicated horse-power driving 
105 tools. The power lost in shafting which might be dispensed 
with, is not more than 15 horse-power, because I do not think 
it would be practicable to dispense with many of the counter- 
shafts. In any event, 105 motors ranging in size from } to 6 
‘horse-power could scarcely be run to show any economy on 15 
horse-power. 

“Tt may be argued that there would be an economy in splitting 
up the shop into sections and driving each section by a separate 
motor, which would be coupled direct to the shaft. I have care- 
fully studied this question, and have come to the conclusion that 
even then gas engines would be as cheap and more advanta- 
geous. In the place of each motor you could install a gas en- 
gine, and the extra friction of the engine and belt would bea 
little greater than the loss in the motor; besides, with each gas 
engine you would have an independent source of power, which 
is of itself very valuable. There is no method of distributing 
power with such little loss as by gas. Ina paper read by the 
late Mr. Dennis Lane in June, 1893, he showed that one horse- 
power employed at the gas works would force through mains 
one mile long sufficient gas at 4 inches pressure to supply 3,000 
horse-power. 

“In conclusion, I should like to give you the cost of the elec- 
tric light, which, as previously mentioned, is generated by the 
same dynamo that actuates the electric crane. Our lighting at 
present is a combination of gas and electric. We have nineteen 
arc lamps of 2,000 candle-power each, and thirty-one lamps of 
equal to 16 candle-power. 

“ The power used is 18-brake or effective horse-power. Taking 
83 cubic feet of fuel gas per brake horse-power, and an average 
of twenty hours per week, the total consumption of gas is 29,880 
cubic feet, at 33d. per 1,000 cubic feet, equaling, say, 8s. 2d. 
per week, or less than 5d. per hour for a total of 38,000 candles 
in arc lamps, and 496 candles in incandescent lamps.”—“Amer- 
ican Machinist.” 
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ELECTRICITY IN THE ITALIAN NAVY.—I. 


Three years ago I contributed to “ The Electrical World” 
some notes on the application of electricity in the Italian Navy, 
and, judging from the exhibits at the recent National Exposition 
at Turin, it is quite time to make some additions to the infor- 
mation therein contained. These exhibits demonstrated very 
clearly, I think, that the men who are engaged in working out 
the electrical problems of the Navy have pursued a well-defined 
and logical policy in the course of their improvements. 

At the time of my previous article it seemed as if a system 
had been perfected which would be installed in the new ships 
without many changes. But for three or four years no large 
ships of war were added to the splendid fleet of armored vessels 
of the Re Umberto type, to which I referred in my article, and 
the progress of development in the application of electricity was 
brought to a standstill. The Government shipyards have pro- 
ceeded very slowly with the construction of the two 10,000-ton 
armored vessels,-Amiraglio de Saint Bon and Emanuele Filiberto, 
and the two armored cruisers of 6,800 tons displacement, the 
Carlo Alberto and the Vettor Pisani. These vessels will be com- 
pleted during the current year, and the most interesting of them 
from the electrician’s point of view will be the Sazut Bon, which 
is still at the Venice Arsenal. 

On the other hand, private shipyards have been very busy, 
and have sold to foreign powers four cruisers of similar design. 
Three of these fine ships are of 7,200 tons displacement, and 
were bought by the Argentine Republic; the other has become 
well known throughout the United States as a participant in the 
flight of the Spanish admiral from Santiago. It bears a name as 
dear to the conquerors as to the conquered; the name dear to 
us Italians also, of Cristobal Colon. 

On these four cruisers, intended originally for the Italian navy, 
many new ideas and improvemeuts were worked out, and the 
naval authorities, in the meanwhile, were content to observe and 
take notes of the progress, so that presently they found them- 
selves in a position to apply an entire new system of apparatus. 
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The whole history of this revolution, accomplished in silence, 
was laid bare to the eyes of the initiated at Turin. 

The keynote of this change lies in the multiplicity of electric 
motors now employed. Not only will the equipments of the 
new armored vessels like the Saint Bon and the Filiberto com- 
prise a large number of motors, but the older ships also are to 
receive such a large addition to their motor service that the 
present system of distribution by special circuits and dynamos 
will have to be replaced by the switchboard system, enabling 
both circuits and dynamos to be run in parallel. The distribut- 
ing boards have therefore been entirely rearranged, and the re- 
sults have been very satisfactory. 

A pressure of 110 volts will be used on all the new ships. 
The Saint Bon has four sets of 300 ampéres capacity and ar- 
rangements for a fifth, should it be needed. It is, in fact, diffi- 
cult to determine just what relations will exist between the 
actual average and maximum power consumption of the motors 
and their total capacity. 

These changes have entailed others in the electrical equip- 
ment and also some permanent additions in apparatus. The 
aiming of guns by electrical means is now regarded as standard © 
practice.—Guilio Martinez, in the “ Electrical World,” March 
18, 1899. 


An interesting contribution to the flash-point question is the 
report submitted to the Council of the Salford Sanitary Associa- 
tion by Mr. W. Thomson. The oil used in 15 cases of lamp 
explosions was examined, with the result that only in four cases 
was the oil of the low-flash American type, that in the other 
eleven being a Russian oil of higher flash point. Since very much 
more American than Russian oil is used in Manchester, the figures 
are very striking, as if one followed the simple plan of jumping 
at conclusions so dear to the high-flash point advocates, it would 
appear that the American oil was much the safer of the two. 
The real truth of the matter would, however, seem to be that, 
as unbiased experts have all along contended, the real source 
of most of the lamp accidents is a bad lamp. Mr. Thomson, 
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indeed, reports in favor of raising the flash point to 100 degrees, ' 
but considers that if this is not done, the present standard should } 


not be meddled with. In every serious lamp explosion investi- 
gated by Mr. Thomson, the lamp had a glass reservoir. As 
quite a decent lamp with a metal reservoir can be obtained fora 
few pence, the need for any change in the flash-point is not par- 
ticularly obvious.—“ Engineering,” April 21, 1899. 


UNITS, MEASUREMENTS AND INSTRUMENTS.—MEASURING THE SPEED OF 
SMALL MOTORS. 


In measuring the speed of very small motors, say below 0.25 
horse-power, difficulties arise because the speed counter is apt 
to lower the speed. To overcome this, Dr. Benischke, in a re- 
cent paper printed in the “ Elek. Zeit,” Feb. 16, describes a simple 
stroboscopic method of measuring speeds, as also the frequency 
of an alternating current and the slippage of non-synchronous 
motors. The motor to be tested has an ordinary ventilating fan 
connected with it; another motor is provided with a disc with 
radial openings through it, and is placed opposite the one to be 
tested, so that the fan and the disc partially overlap, enabling the 
former to be seen through the holes in the latter. This second 
motor is connected with a speed counter, and can be varied in i 
speed; when the two speeds are nearly equal, assuming that the 
number of slots is equal to the number of wings to the fan, the 
latter will appear to rotate slowly in one or the other direction, 
and when the speeds are quite equal they will appear to stand 
still. At that moment the speed of the second motor is counted. 
A similar method can be applied to measuring the frequency of 
an alternating current when access to the generator cannot be 
had, and when there is no synchronous motor at hand. A bottle 
of water is so arranged that a small, vertical stream flows out of 
it in front of a small motor connected to a disc with slots in it; 
the bottle is mounted on a stand connected to an armature op- 
posite an electro magnet, through which the current whose fre- 
quency is to be measured flows; this shaking of the bottle will 
break the stream of water into drops, whose number corresponds 
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to the frequency of the current ; when the number of slots passing 
the line of sight per second is equal to the frequency, the drops 
seen through them will appear to be at rest,and at that moment 
the speed of the motor is measured, from which and the number 
of slots the frequency is then calculated. In this experiment a 
curious result is obtained when the disc revolves somewhat more 
slowly, as the drops then appear to travel upward into the bottle. 
Instead of a broken stream of water an alternating arc lamp can 
be used, the light being passed from it through that rotating disc 
on to a screen, the speed of the motor being measured when the 
light on the screen ceases to surge. To measure the slippage of 
a non-synchronous motor the arc lamp may be used, and the 
disc will then appear to rotate slowly; by counting these ap- 
parent rotations in a certain time the slippage can be determined 
very accurately, as it is proportional to this apparent rotation. 
—*‘ Electrical World,” March 11, 1899. 


RAPID BLUEPRINTING PROCESSES. 


After much experimenting on the rapid blueprint process, I 
have found that the following method gives the best results: 
Sensitizing solution—Oxalate of iron and ammonia, 1; water 
(as pure as possible), 10. The iron salt dissolves in a few min- 
utes. Ifa solution is prepared long in advance, it must be kept 
in avery dark place, in which case it can be preserved indefinitely. 
I would advise buying the best quality, and to make a fresh 
solution whenever required. The solution can be applied to the 
paper by means of a wide and soft brush, or the paper may be 
floated upon the solution in a shallow tray. The floating should 
last about one minute. I find brushing most convenient. The 
brush should be lightly loaded with liquid and be drawn evenly 
on the paper without passing twice at the same place. Any 
careful man can acquire the “ hang” in five minutes. 

The sensitizing and drying of the paper must, of course, be 
done in a dark place. The drying after brushing requires a few 
minutes only. 
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If this paper is exposed under a tracing to the sunlight an 
exposure of 30 seconds only is required. On a rainy day, the 
window being closed, I made a very fine print in 44 minutes by 
holding the printing frame close to the window. 

The sensitized paper has a yellow coloration, and where the 
light has acted the yellow color has become bleached, and the 
image stands as a positive in yellow lines on white ground. 
Still, as the lines are very faint, one must acquire a certain 
amount of experience to determine accurately at sight the neces- 
sary time of exposure. After making a dozen or two small 
prints in different kinds of weather, the operator can generally 
guess at the proper time; at least that has been my experience. 

Develop the print as soon as it leaves the frame. Immerse in 
the following solution for two or three minutes, wash in water 
for ten minutes, hang up to dry. The image is in white lines in 
a blue ground. 

Developing Solution—Ferricyanide of potassium, 1; water, 30. 

These proportions need not be strictly adhered to. A weak 
solution is all that is necessary. Red prussiate does not dis- 
solve readily in water. It is advisable to make in advance a 
solution 1 to 10 in a large bottle and keep it ready for use. 
Dilute it as required. This solution keeps very well. Most 
people object to developing in a separate solution, but this 
process is so simple that anyone who tries it with a will will be 
satisfied. 


A “one-solution process” can be operated with the following 


sensitizer : Oxalate of iron and ammonia, I ; water,10. Make one 
solution and mix, when ready to use, with an equal part of this 
other: Ferricyanide of potassium, 1; water, 10. Sensitize paper 
as before, with a brush or by floating, and develop by simply 
washing in water like ordinary blueprint. The exposure re- 
quired is the same as in the previous case, with the advantage 
that the progress of the printing can be watched. As soon as 
the light acts the paper turns blue. When this color is suf- 
ficiently intense, remove the print from the frame and wash. 
The print after washing retains the same color as before. 

It is impossible to make this solution keep, and the paper 
80 
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prepared in advance keeps only one or two days in good print- 
ing condition. The lines are not very white.—Albert E. Guy, 
in the “American Machinist,” April 6,’1899. 


PROPERTIES OF NICKEL-STEELS. 


The characteristics of various compounds of iron and nickel 
are considered. With regard to magnetic properties, nickel-steels 
containing besides iron and nickel only small quantities of car- 
bon, silicon and manganese, fall into two distinct categories. The 
first, containing from o per cent. to about 25 per cent. of nickel, 
and which seem comprised pretty accurately between the formu- 
las Fe and Fe,Ni, are “irreversible,” in the sense that at one 
and the same temperature they can exist in two essentially dif- 
ferent states, according to the preceding cycle of temperatures. 
When these alloys are heated they lose their magnetism gradually 
between two temperatures which are comprised for all the alloys 
between dull red and cherry red. When they are cooled they pass 
again through the same temperatures without becoming magnetic, 
and only reacquire their first condition at a temperature lower 
than those between which the loss of magnetism occurs. The 
return to the magnetic state takes place for an alloy with 24 per 
cent. nickel a little below zero. The presence of chromium lowers 
the temperature at which the return takes place. The steel with 
22 per cent. of nickel and 3 per cent. of chromium remains non- 
magnetic even in liquid air. Steels with more than 25 per cent. 
of nickel are “reversible,” and possess, at each temperature, 
magnetic properties which to a first approximation depend only 
on the actual temperature. The expansion of the material has 
been observed by comparison with a brass scale. 

The phenomenon noticed by A. Le Chatelier has been con- 
firmed ; the expansion for the same alloy is much more feeble in 
the magnetic state than in the non-magnetic state. The trans- 
formation is gradual as regards expansion as well as regards 
magnetism, and the same alloy may possess any co-efficient of 
expansion between two determined limits according to its de- 
gree of transformation. In one of the extreme states the expan- 
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sion is a little greater than that of brass; in the other it is lower 
than that of ordinary steels. At ordinary temperatures the steels 
of the second category possess a co-efficient of expansion which 
varies continuously with the composition. Steels containing 35 
per cent. to 36 per cent. of nickel expand ten times less than plat- 
inum. Other mechanical constants and their changes are also 
referred to. The alloys of the first group in passing from their 
non-magnetic state, where they are relatively soft and easily de- 
formed, to the magnetic state, when they become hard and very 
elastic, undergo a diminution of the modulus of elasticity. The 
nickel-steels possess a high specific resistance, and the trans- 
formations which they undergo do not seem to affect the varia- 
tions of the electric resistance; the curve of change is an ordi- 
nary one. The variation of resistance with temperature seems 
to be independent of the variations of volume. 

For the alloys of the first sort the passage to the magnetic 
state takes place with increase of volume. A chemical origin is 
suggested for the peculiarities of behavior, and it is supposed 
that definite chemical compounds tend to be formed. The ex- 
periments show that the irreversible nickel-steels can possess be- 
tween extended limits of temperature an indefinite number of 
states of equilibrium, which they keep almost without modifica- 
tion so long as the alloy does not cut, at low or high tempera- 
tures, two curves of transformation along which all its properties 
change gradually and simultaneously. They possess, besides, 
unstable states of equilibrium which can be broken quickly, and 
to which an almost instantaneous transformation puts an end. 
See also Phys. Soc. Abstracts, Nos. 469 and 517, 1897. J. J.S. 
—C. E. Guillaume, in “ Journal de Physique,” vol. vii, 1898 ; 
also “Comptes Rendus,” vol. cxxvi, 1898. 


PHYSICAL AND CHEMICAL PROPERTIES OF VOLATILE OILS IN BOILERS. 


W. H. Edgar, speaking on the subject of the use of volatile 
oils—hydrocarbon, kerosene, and oils of that nature—in the steam 
boiler, says: I do not believe there are any cases in this country 
where we get petroleum, or other oils, in our feed-water supply ; 
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but the general laws of nature are such that our waters are heavily 
impregnated with lime and magnesia, which are the main ingredi- 
ents—the scale-forming salts—which form an incrustation in the 
steam boiler, which incrustation is a poor conductor of heat, as 
compared with iron, so that we are forced to look around for 
something to counteract the evil effects of this incrustation, and 
get rid of it if possible. This has led us to put most everything 
into our steam boilers, and among the different reagents em- 
ployed have been volatile oils. I know that they have pumped 
turpentine and resinous oils into boilers up in the lumber dis- 
tricts, because they found in districts where they were sawing 
hemlock and oak that the sap and washings from them have 
apparently kept the boilers clean, so they thought that if they 
put a little of the product they were working on into their boilers 
it would have the same effect, it all being vegetable. These vol- 
atile oils, including turpentine and oils of that nature, are all 
hydrocarbons, and when they have been put into steam boilers 
have caused a corrosion or general eating, and deleterious effects 
upon the boilers from their use. In the oil fields, years ago, 
they put in what they called an oil brick, made from petroleum, 
and that was not successful. In the last few years they have 
been in the habit of pumping into the steam boilers kerosene, 
etc. I know of one man in Chicago, who is at the head of some 
six or eight large plants, belonging to one of the largest corpor- 
ations we have in the city of Chicago, who put naphtha or gaso- 
line into his boilers for years, and would persist in saying that it 
did the work to perfection ; but he had to stop using it, due to 
the leaks, etc. 

There are two ways of looking at this subject of incrustation 
and its proper antidotal reagents. A boiler is very much like 
the human system. We are liable to injure it, and we are liable 
to put something into it where the after effects are worse than the 
disease ; so we must take up both sides of the question. Now, 
I want to bring out a few points about volatile oils and kerosene. 
Kerosene is a light distillate hydrocarbon, and has been used 
very extensively throughout the country, or tried here and there, 
and dropped for one or another reason; and I will offer these 
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suggestions and take up these points without any personal mo- 
tive whatever, for I have none; but I will just simply take up 
the evil effects of kerosene and petroleum and their different 
distillates. 

Kerosene pumped into the steam boiler with the object of con- 
verting the incrustation into such form that we can readily wash 
it out, or prevent its formation, I shall consider in the first place. 
Keroseneis ahydrocarbon. If{we hadacarbohydrate, an animal 
oil, we would get an oleate radical and could possibly get the 
oleate of lime or oleate of magnesia, which, however, would not 
help us out; but we could get a chemical reaction from carbohy- 
drate, having a combining acid radical there; but in the hydro- 
carbons we have no possible acid radical ; we have not the base ; 
we have not the combination that will take the place of either 
base or an acid radical, and we get no chemical reaction whatever, 
and the action of the kerosene is purely mechanical, following 
the laws of capillary attraction. If I dip a blotter into water the 
water will run up the side and penetrate the blotter; if the blot- 
ter is set over a tumbler of water the water will penetrate through 
the substance of the blotter ; and if you play a hose on a brick 
wall the moisture will penetrate to the other side. Now, kero- 
sene, being a light volatile oil, will penetrate everything ofa porous 
nature, such as lime, magnesia, etc., and will penetrate to a greater 
extent and more rapidly than water. The scale incrustation in 
the boiler will be softened, will be penetrated by this kerosene, 
due to the laws of capillary attraction ; the scale being porous, 
the kerosene will work through to the iron, and when it comes 
in contact with hot metal the oil will run back of the sheet of scale, 
between the scale incrustation and the iron, and when you shut 
your boilers, draw your fires and let out your water, your boiler 
contracts, the iron contracting and expanding with the applica- 
tion of heat. Now, you have put a substance of different physi- 
cal properties, of a different nature, between your lime and mag- 
nesia incrustation and your sheet or plate. The lime and magnesia, 
little particles of them, will attach themselves to the sheet, due 
to the general affinity that they have for hot metal ; they cling 
very tenaciously to the iron, and when this substance comes in 
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between, you have lessened that adhesive property, and the in- 
crustation is not adhering as tenaciously, and, consequently, 
being a non-conductor and not expanding and contracting uni- 
formly with the iron, it is more readily scaled off, and you get 
a great quantity of this broken scale from the continued use of a 
volatile oil, such as kerosene. The kerosene does not change 
the chemical composition of the scale; its action is purely 
mechanical. 

There are other points to be considered. Kerosene volatilizes 
in the steam boiler; you get probably a third over with your 
steam ; it passes off immediately and begins to come over from 
about 150 degrees to 300 degrees Fahrenheit. This kerosené 
that passes over constitutes hydrocarbon distillate, and your 
steam is hydrogen and oxygen, and you know the evil effects 
from condensation in a steam plant; you know that every year 
you have, in your heating system, to put in a few more nipples 
or an elbow here and there. When you put in a light volatile 
oil of a hydrocarbon nature, you intensify that action, you get 
a series of oxidizing hydrocarbon reagents that will intensify 
that general pitting and grooving 100 per cent.; that is, you will 
get the general eating through of the joints and connections prob- 
ably a hundred times as quickly as you would otherwise. Besides 
that, the kerosene carries over into your cylinders. It is a part of 
the cylinder oil in the first place; the cylinder oils all come from 
petroleum, except the animal oils. The kerosene isa solvent for 
them. It dilutes your cylinder oil; it has a tendency to change 
its lubricating properties just that much, and with the hydrogen 
and oxygen of the water and the compound formed in the distillate 
you will get blackening of your piston rods and the deleterious 
general oxidizing effect on your rings, and if you have a metallic 
packing you will have hard work keeping your packing in your 
engine. 

From these same distillates, these same products formed in 
your distillation, you will have the pitting and the general eat- 
ing through of all the threads of the joints and connections 
through the entire steam system. Not only that, but the part 
that is left in the steam boiler and the part that goes through 
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the scale and reaches the iron can not stand that high heat. 
It is carbonized; it is all decomposed, and in the carbonizing of 
the hydrocarbon oil in the presence of iron or against the iron 
sheet, you are going to carbonize your iron, and you will have 
there a blistered-appearing spot where the iron has been carbon- 
ized ; it will be of a blackish, blistered appearance, and you will 
get that action all through the water-submerged part of the 
boiler. You will never get all the scale out with kerosene; 
you will never get more than a third; and those who are using 
kerosene and claim that it is working well simply look at the 
scale they take out, and do not look in the boiler to see what is 
left. 


THE METRIC SYSTEM OF WEIGHTS AND MEASURES. 


Weare so accustomed to pride ourselves upon our /in-de-siécle 
receptiveness, and upon the readiness with which we eliminate 
the useless and the superstitious from the true, that it is only 
when we come to analyze some of our most cherished customs 
that we find how potent a factor is conservatism in determining 
our tendencies, and how all-pervading is the power of habit, even 
when opposed to simplicity and usefulness. A striking example 
of this kind is to be found in the system of weights and measures 
in use and in course of education in this country and in all Eng- 
lish-speaking countries at the present time. It must be patent 
to everyone who calmly and dispassionately reviews our current 
tables of weights and measures that they are heterogeneous, 
ambiguous, incoherent and burdensome to the memory. It is 
most rarely that any man or woman in the community, excepting 
professed teachers of the subject, has the various tables of weights, 
lengths, volumes and areas so completely within the grasp of 
memory as to be able to reproduce them without the aid of a 
book. Many persons who pass for being well educated, live and 
die in the belief that the pound avoirdupois is the same as the 
pound Troy, or that the United States gallon is the same as the 
British gallon, or that a bushel has but one voluminal value. It 
is terrible to think of the waste of labor in teaching so barbarous 
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a system, of the ambiguity in using it, and of the labor in per- 
forming computations with it. The advantage of the metric 
system of weights and measures over the ordinary heterogeneous 
English systems of weights and measures is as manifold and as 
marked as is the advantage of the dollar and cent, or decimal 
system of coinage, over the old English penny, shilling, crown, 
sovereign and guinea. No better evidence of the force of habit 
could be adduced than that which conserves so ridiculously 
complex and unwieldy a system in such extensive use. 

The opponents of the metric system argue that a change to 
the metric system would involve nothing less than chaos and 
panic in mechanical construction, seeing how many thousands 
of tools and patterns are in use based upon the measure of the 
English foot or inch. This, however, is not an argument against 
the change, but only against a sudden change. Nothing, indeed, 
could be more disastrous and injurious than a sudden change to 
the metric system. It would be immensely costly, and, bad as 
the present system is, its continued use is preferable to such a 
penalty forrash reform. There is, however, no necessity for such 
extravagance. Tools do not last forever, and all things change. 
It would only be necessary to ordain by legislation that all Gov- 
ernment contracts, after the lapse of a certain time, say one or 
two years, should be based solely upon the metric system, and 
the change would probably come about so smoothly and gradu- 
ally under the influence of this stimulus, that in the course of 
ten or twenty years the present tangle would probably be for- 
gotten. 

The tangle is, perhaps, more twisted and contorted in the busi- 
ness of dynamo design than in any other, for the reason that the 
electrical and magnetic units of the C. G. S. system are very 
simple and easy to remember. We have no such ridiculous 
ratios in the C. G. S. system, as, for example, 437.5 grains in an 
ounce avoirdupois, or 231 cubic inches in the United States 
gallon. Nevertheless, in order to deal with dynamos as actually 
constructed in the shops, it is the almost universal practice to 
employ hybrid units connecting the C. G. S. measures with the 
English measures in a manner which, while quite clear and defi- 
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nite to those who are accustomed to it, requires extra labor to 
learn and extra labor to compute; nor is there apparently any 
hope of simplification so long as the old tangle persists.—“ Elec- 
trical World,” April 22, 1899. 


. OIL SPECIFICATIONS FOR U. S. NAVY. 


Specifications issued by the Bureau of Supplies and Accounts, 
Navy Department, April, 1899: 

O1L, BorLep.—Must be absolutely pure kettle-boiled 
oil of the best quality, and the film left after flowing the oil over 
glass and allowing it to drain in a vertical position must dry 
entirely free of tackiness in 60 hours at a temperature of 70° F. 
To be purchased and inspected by weight. 

LinsEED O1L, Raw.—Must be absolutely pure, well-settled oil, 
of the best quality; must be perfectly clear, and not show a loss 
of over 2 per cent. when heated to 212° F., or show any deposit 
of foots after being heated to that temperature. The specific 
gravity must be between 0.932 and 0.937 at 60° F. To be pur- 
chased and inspected by weight. 

CyLInDER O1L.—Must be a pure, mineral, hydrocarbon oil, 
with a flash point of at least 550° F.; burning point to be above 
600° F.; to be free from tarry or suspended matter, acid, or alkali, 
and from mixture or adulteration with animal, vegetable, or fish 
oils, grease, lard, or tallow. Specific gravity to be not below 
0.900 nor above 0.906 at a temperature of 60° F. To be pur- 
chased and inspected by weight. ° 

A flash point below 550° F., or the presence of any of the above- 
named adulterations or mixtures, or a gravity different from that 
specified, will be sufficient to cause the rejection of the oil. 


Test of Cylinder Oil. 


1. Flashing Point.——Heat asmall quantity of the oil in an open 
vessel, not less than 12° per minute, and apply the test flame 
every 10°, beginning at 250° F. 

2. Precipitation Test for Tarry and Suspended Matter.—Mix 5 
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cubic centimeters of oil with 95 cubic centimeters of 88° gaso- 
line, and if there is any precipitation in ten minutes the oil must 
be rejected. This test is easiest made by putting 5 cubic centi- 
meters of oil in a 100 cubic centimeter graduate, then filling to 
the mark with gasoline and thoroughly shaking. 

3. Volatility—Kept heated to 400° F., in an open vessel, it 
must not lose more than 5 per cent. of its weight in two hours. 

4. To Test for Acid or Alkali—It will be sufficient to wash 
a small quantity of the oil with distilled water, then drain off the 
water and test it with litmus paper. 

Larp O1Lt.—Must be of the best quality and made from fresh 
lard. To be purchased and inspected by weight. 

Oil will not be accepted which— 

I. Contains admixture of any other oil. 

II. Contains more acidity than the equivalent of 2 per cent. of 
oleic acid. 

III. Shows a cold test above 42° F. 

IV. Shows coloration when tested with nitrate of silver, as 
described below. 

V. A half pint of the oil placed in an ordinary hand lamp 
without a chimney must burn with a clear, bright flame till go 
per cent. of the oil has been consumed; the lamp to be placed 
where it will not be affected by draught or air currents, and the 
wick not to be touched during the trial. 

1. Zest of Lard Oil—tThe cold test of oil is determined as fol- 
lows: A couple of ounces of oil is put in a 4-ounce sample 
bottle, and a thermometer placed in it. The oil is then frozen, 
a freezing mixture of ice and salt being used if necessary. When 
the oil has become hard, the bottle is removed from the freezing 
mixture and the frozen oil allowed to soften, being stirred and 
thoroughly mixed at the same time by means of the thermometer 
until the mass will run from one end of the bottle to the other. 
The reading of the thermometer, when this is the case, is re- 
garded as the cold test of the oil. 

2. The nitrate of silver test is as follows: Have ready a solu- 
tion of nitrate of silver in alcohol and ether, made on the follow- 
ing formula: 


Nitrate of silver, . ‘ ; ‘ I gram. 
Alcohol, ‘ 200 grams. 
Ether, 40 grams. 


After the ingredients are mixed and dissolved allow the solu- 
tion to stand in the sun or in diffused light until it has become 
perfectly clear; it is then ready for use, and should be kept in a 
dim place and tightly corked. 

Into a 50-cubic centimeter test tube put 10 cubic centimeters 
of the oil to be tested (which should have been previously filtered 
through washed filtered paper) and 5 cubic centimeters of the 
above solution ; shake thoroughly and heat in a vessel of boiling 
water fifteen minutes, with occasional shaking. Satisfactory oil 
shows no change of color under this test. 

3. For the burning test, an ordinary tin hand lamp to conform 
to the following description will be used : 

Diameter of lamp at base 34 inches; height of cylindrical por- 
tion 2} inches; height of top of burner from bottom of lamp 2} 
inches. 

The burner will consist of two conical tubes placed side by 
side, each 1} inches in length, }$ inch inside diameter at top and 
44 inch inside diameter at bottom. The wick will consist of a 
sufficient number of threads of ordinary cotton lamp wicking, in 
each tube, to make a properly fitting wick for lard oil. 

LusricaTinG For Cuttinc Toots.—Must be of the best 
quality, and pass satisfactorily the following tests, to be made 
with instruments belonging to the Government, in the navy yard: 

1. As a Lubricant.—On an oil-testing machine at least 50,000 
foot-pounds of work must be performed per minute per troy grain 
of oil used. The pressure on the bearing must not be less than 
250 pounds per square inch of projected area, and the tempera- 
ture of the rubbing surfaces at the end of two hours must not 
exceed 150° F. The surfaces to bea polished steel mandrel run- 
ning in standard brass bearings. 

2. Specific Gravity.—Must not be less than 0.9000 at a tem- 
perature of 60° F. Tobe purchased and inspected by weight. 

3. Flashing Point.—Must not be below 400° F. 
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4. Freedom from Gumming.—Just sufficient oil to cover the 
bottom will be placed in a shallow dish; this will be heated to 
about 250° F., then cooled slowly. When cold, there must be 
no gummy residue found in the oil or on the vessel. 

A common oil cup holding about two ounces will be filled 
with the oil; two threads of worsted will be used as a wick, 
and all the oil in the cup must feed through it; the wick not 
to be touched during the trial. This test to be made at a tem- 
perature between 70° and go° F. 

5. Cold Test.—The oil must not solidify at a temperature of 
gn” 

6. Freedom from Acid.—A small quantity of oil rubbed on 
polished brass or copper must not turn the surface of the metal 
green if allowed to stand for twenty-four hours. 

Sperm O1Lt.—Must be pure, winter-strained, bleached sperm 
oil, free from mixture or adulteration with animal, vegetable, or 
fish oil, grease, lard, or tallow. To be purchased and inspected 
by weight. 

LusrIcATING OIL FOR EXPANDER CYLINDER OF DENSE AIR 
Ice MacuineE.—Must be of the best quality, free from adultera- 
tion, and pass satisfactorily the following tests, to be made with 
instruments belonging to the Government, in the navy yard. 

1. As a Lubricant.—On an oil-testing machine at least 50,000 
foot-pounds of work must be performed per minute per troy 
grain of oil used. The pressure on the bearing must not be less 
than 250 pounds per square inch of projected area, and the tem- 
perature of the rubbing surfaces at the end of two hours must 
not exceed 150° F. The surfaces to bea polished steel mandrel 
running in standard brass bearings. 

2. Specific Gravity.—Must be between 0.8974 and 0.8917 at a 
temperature of 60° F. To be purchased and inspected by 
weight. 

3. Flash Point.—Must be above 390° F. 

4. Freedom from Gumming.—Just sufficient oil to cover the 
bottom will be placed in a shallow dish; this will be heated to 
about 250° F., then cooled slowly. When cold, there must be 
no gummy residue found in the oil or on the vessel. 
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A common oil cup holding about two ounces will be filled with 
the oil ; two threads of worsted will be used as a wick, and all 
the oil in the cup must feed through it; the wick not to be touched 
during the trial. This test to be made at a temperature between 
70° and 90° F. 

5. Cold Test—The oil must remain liquid at a temperature 
of 7° F. 

6. Freedom from Acid—Must be free from all traces of acid. 
A small quantity of oil rubbed on polished brass or copper must 
not turn the surface of the metal green if allowed to stand for 
twenty-four hours. 

Wua ce O1L.—Must be best grade of bleached winter-strained 
oil, free from adulterations with other oils. 

1. Tested with litmus paper, it must show no trace of acid. 

2. It will begin to become torpid at from 35° to 42° F.,.and 
cease to flow at from 17° to 18° F. 

3. Specific gravity at 60° F., from 0.9151 to 0.9174. To be 
purchased and inspected by weight. 

4. Oil must be accompanied by a guarantee from the manu- 


facturer that it is pure whale oil. 


Inspection and Delivery of Oil. 


1. Before acceptance, the oil will be inspected ; samples of each 
lot will be taken at random, the samples well mixed together in 
a clean vessel, and the sample for test taken from this mixture. 
Should the mixture be found to contain any impurities or adul- 
terations, the whole delivery of oil it represents will be rejected, 
and is to be removed by the contractor at his own expense. 

2. The quantity delivered to be determined by weight—the 
number of pounds per gallon to be determined by the specific 
gravity of the oil at 60° F. multiplied by 8.33 pounds, the weight 
of a gallon (231 cubic inches) of distilled water at the same tem- 
perature. 

3. To be delivered in strong, tight, well-made, white-oak casks, 
hooped with iron, each having a capacity not exceeding 50 
gallons ; 
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4. Or, in new shipping cans, to average not less than 24 pounds 
each in weight, made of “I. C.” bright tin, the black plate prop- 
erly coated. The capacity of the cans to be not less than 5,5, 
gallons, but not more than 5 gallons of oil to each can to be paid 
for. The cans to be well made, with a top handle, and to have 
on top near one corner a 14-inch closed screw cap, so packed as 
to prevent leakage when screwed tight. Cans to be packed in 
wooden cases, two cans to a case, cases to be made of }-inch new 
pine throughout, dressed on outside, with tight cover, of such size 
as to take the cans fitting closely. The space between the cans, 
if any, to be filled by inserting a loose piece of wood, full width 
and height of can. A strip of wood of proper thickness to be 
inserted between the cans and cover of case, to protect the screw 
caps. Cans and cases to be made in the best workmanlike 
manner. 

Note.—U. S. Navy Regulation Circular No. 121 requires— 

1. Deliveries of oil may be made in lots of not less than 5,000 
gallons, with the exception that the final delivery may be a less 
quantity, but the whole quantity must be delivered within the 
time specified by the contract. 

2. Each delivery will be considered a lot by itself; and each 
lot will be inspected and accepted or rejected, as it passes, or 
fails to pass, the test required. 

3. Upon the rejection of any lot of oil delivered, no second 
test nor any second delivery in place of the lot rejected will be 
permitted, but the quantity rejected will at once be purchased in 
open market for the contractor’s account. 

GENERAL Nore.—In making requisitions for oils, the above 
specifications should be referred to “as per Official Specifications 
of April, 1899.” 


PATTERNS AND CASTINGS AS WITNESSES. 


It is quite a common thing for apprentice patternmakers to be 
working in shops with which there is no foundry connected, and 
who therefore have to content themselves with seeing the cast- 
ings after they are made, and the patterns after the molding is 
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completed. To many such it may be exercising a new line of 
thought to consider what a chain of circumstantial evidence is 
presented by the castings and the patterns relative to what trans- 
pires in a foundry, and I will try, for the benefit of those so 
situated, to mention a few of the commonest facts that the cast- 
ings and patterns testify to. 

Sometimes a small pattern, when made whole, is of such shape 
that there is seemingly little choice as to which to consider the 
cope side; but by examining the casting we can tell at once 
which one the molder chose for that purpose, by noticing the 
cope or parting line around the casting. This can always be 
traced in outline on castings made from patterns not parted, un- 
less the entire pattern is in the nowel, and where patterns are 
parted it is seen around the corresponding place in the casting. 
On fine work it is scarcely noticeable, but sometimes on poor 
work this is shown in an unsightly manner, especially when the 
pattern is not in halves, by the part of the casting not in the 
cope being distinctly larger all around the cope line, owing to 
excessive rapping of the nowel. The cope being a straight lift 
and not rapped leaves this portion of the casting true to the pat- 
tern, but the nowel is unduly enlarged. 

When we see a casting made from a pattern which was in 
halves come with one-half distinctly overlapping the other, we 
may know one of two things: either that the two parts of the 
pattern did not fit properly, owing to loose dowel pins, or else 
the trouble arose from a badly fitting flask. Patternmakers 
always attribute it to the latter cause. 

A solid pattern which sees constant service in the foundry (a 
pulley for example), frequently shows great wear where the cope 
parting is made, having the varnish worn away, and a line cut 
into the wood all around the center line of the spokes in this 
case. The constant wear of the molder’s trowel against the 
softer pattern is the explanation. 

Sometimes it is a little mystifying to the apprentice to see an 
old pattern completely covered on the cope side with fine dents, 
which look as though some one had been trying to make a poor 
job of stippling. This is owing to a too vigorous application of 
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the vent wire in the hands of the molder, who has allowed it to 
strike through the mold hard enough to bruise the pattern. 

Again, he will be perplexed by seeing a hole on the top side 
of the cope half of a pattern, which looks as though a draw iron 
had been stuck into it, which is not so far out of the way, after 
all; but it was really done for a different purpose. This hole will 
commonly be noticed on patterns which leave the sand very 
easily (the top half of a valve or pipe pattern, for example), and 
is done by sticking a rod into the pattern, and securing it to the 
cope half of the mold, so that when the cope is lifted the half 
pattern will be sure to rise with it, and not start to loosen before 
the proper time and endanger the work. After the flask is 
turned, of course, the rod is removed, and the pattern lifted out 
in the regular way. 

When core boxes are returned from the foundry having holes 
in various places through their sides, or ends, it shows where 
the core maker had to vent the core, these holes being bored 
to admit rods for the purpose. This is something the pattern- 
maker need not trouble himself about, as he is not expected to 
do it, and, besides, only certain forms and shapes of core boxes 
require it. 

A casting readily shows whether it was pickled, rattled, or 
made in facing and not pickled ; for, if pickled, it shows rust all 
over, from the acid and water of which the pickle is composed ; 
if rattled, it is worn smooth and the corners are more or less 
blunt where it constantly fell among other pieces as it revolved 
in the tumbling barrel. If cast in a properly faced mold the sand 
easily peels away from it, and when cleaned the iron is left in its 
natural color. 

A patternmaker should always bear. in mind that the cleanest 
and best iron will be in the nowel, as the dirt and impurities will 
rise, and oftentimes when a perfectly clean, machined surface is 
required that part of the pattern must be taken for the nowel, 
even if it will not mold as easily that way ; or else the flask must 
be turned over, and the mold poured the other side up. Where 
such precautions are necessary it is common practice to mark 
“cope” on that part of a pattern which must be considered as 
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such when the molder would naturally consider it the opposite. 
Then he can use either of the two methods he chooses that I 
have just mentioned to get a certain part of the casting in the 
bottom of the mold. 

I think that foundries, as a general rule, are quite willing to 
accommodate in such particulars, in order to have finished sur- 
faces come with clean iron, but the patternmaker must not imag- 
ine that a foundryman who has never seen a drawing of the ma- 
chine, or part, can tell by intuition where any such foresight is 
required, unless the pattern is marked. 

Another fact that a casting bears witness to is the gating. 
The place where the gate connects with the mold can be readily 
traced, and it is interesting to note the difference in size and 
position on various kinds of work and in different metals. Steel 
castings, for example, will show gate stubs several times larger 
in section than would be necessary for the same piece in cast 
iron. Thin castings, like a common stove spider, for example, 
will frequently show a place 2 or 3 inches long or more, and 
almost a mere line in width, on the middle of the outside sur- 
face, 7. ¢., the cope side of the casting. In these the iron is 
poured directly through a flat sprue into the mould, and the 
line which we see is the place where the sprue is broken off; 
whereas in most small machinery castings the iron is poured 
into a round sprue, from which a gate is cut to the edge of the 
mold, and no trace of the sprue itself is visible. It is common 
on acasting containing a large body of iron, to see a round spot 
an inch and upward in diameter chipped off smooth to match 
the surrounding surface on the cope side. This is more apt to 
be the trace of a riser than of a sprue. 

Many castings having quite a body of iron will show bulging 
places on the sides, sometimes in patches and sometimes over a 
large surface. This may show that the mold was not rammed 
hard enough, but generally it tells the tale of straining, owing to 
the weakness of the wooden flasks in which they were molded, 
especially if the flasks were old and not very strong. 

If a casting is poured with cold and sluggish iron this will be 
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plainly indicated by seams, called cold shuts, and these, with 
rounded and imperfectly filled corners, are the result. 

Sometimes on a column or similar casting, having a large core, 
we see on the outside small, round bunches or buttons which 
were not on the pattern. These are done by the molder press- 
ing the end of his trowel handle into the mold in the spot where 
he places a chaplet to make the core secure. What often appear 
to be nails showing in a casting, over or under a core, are but 
the remains of chaplets which did not melt perfectly in the body 
of iron that surrounded them. These do not appear, however, 
unless the casting is of such shape that further support and an- 
choring are required for the core that is given by the core prints. 

Finally, to return to patterns, if we see a large and badly-worn 
hole on one that is used constantly, in the place where it was 
lifted from the sand, it says “ draw plate” plainer than any words, 
and I know that many a pattern suffers from this cause to such 
an extent that repairs far outbalance the cost of draw plates in 
the beginning. 


If these rambling notes should help any young patternmaker 
situated as I mentioned at the outset to begin to observe and ex- 
amine their patterns and castings, considering them as witnesses, 
I think they will gather enough evidence to convict on many 
points, circumstantial though it be—“American Machinist.” 


FRICTION OF LOCOMOTIVE SLIDE VALVES. 


Experiments upon the friction of locomotive slide valves con- 
ducted upon a locomotive on the Great Southern & Western 
Railway were described in a paper by Mr. J. A. F. Aspinall be- 
fore the Institution of Civil Engineers (England) in 1889, and 
the information then given has been recently supplemented by 
another paper by him before the same organization. The ex- 
periments were tried with valves resting against a vertical face, 
on an inside-cylinder engine, the steam chest being between the 
cylinders. The author considered it possible that the friction of 
slide valves, when resting upon a horizontal face, might be some- 
what different from that of valves resting upon a vertical face, 
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and he also desired to test the advantages to be obtained from 
partial balancing. The following experiments were therefore 
carried out upon a Lancashire & Yorkshire Railway engine 
at Horwich, the engine being fitted with the Joy valve gear. 
The recording apparatus was similar to that used in the experi- 
ments of 1889. Every care was taken to calibrate the apparatus 
beforehand, and to ascertain the limits of error which could be 
allowed for in the final experiments. 

In the 1889 experiments, the indicator diagrams, which were 
taken to show the work done in the engine cylinder at the same 
moment that the fricton diagrams were taken from the dynamo- 
meter, were of the ordinary length, the motion being obtained 
by suitable mechanism from the piston crosshead; but in the 
present experiments the motion was obtained from the valve- 
spindle crosshead, this being considered a more accurate method 
of ascertaining the steam pressure at any known position of the 
valve. It thus became easy to obtain a simultaneous record giv- 
ing a friction diagram, a steam-chest diagram and a steam-cylin- 
der diagram, thus eliminating any error that might have been 
present had these diagrams been taken one after the other. 

The speeds at which the diagrams were taken varied between 
six and eight miles an hour. Two kinds of valves were experi- 
mented with: one, an ordinary D valve made of phosphor-bronze, 
and the other of the Richardson type, made of cast iron, with 
an open back; the fixed plate against which the valve slides 
being also of cast iron. The annexed table gives the leading 
particulars of the steam pressures and other points of importance; 
the coefficient of friction:in each case being given in the last 
column. Thirty-one sets of diagrams were taken with the D 
phosphor-bronze valve, the average coefficient of friction being 
0.0878, and six diagrams were taken of the cast-iron Richardson 
valve, the average coefficient of friction being 0.0919. In the 
partially-balanced valve, the balance area was taken as being 
that portion which is enclosed between the strips, excluding the 
area of the strips themselves. 

The good results obtained with the Richardson valves have 
caused the author to modify the views he previously expressed 
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TABLE OF RESULTS. 


| Forward or back 
Push or pull. 
Lubrication. 
Type of valve. 

| Boiler pressure. 

| Steam-chest pres- 

| Net pressure on 


| Lbs. 
24,149.0 
| 23,562.5 
23,405.0 


| 19,513.0 


| 21,077.5 
23,894.5 
| 23,929.0 
| 21,924.0 


| 20,824.0 
| 21,801.5 
20,819.5 


Y 


Phosphor-bronze “ D” valve. 


| 24,461.5 


23,032.5 
| 20,736.0 


| 23,732.0 


21,677.0 
19,995.0 
21,165.5 
9,467.0 
9,514.5 
8,633.0 
9,976.0 
8,704.0 
J L| | 0 | 9,238.0 


4 
4 
4 
4 
4 
4. 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
6 
6 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 


| Total force on 


| 23,037.0 | 


| 21,619.0 | 
| 19,455-5 | 


+5 | 22,052.0 | 


19,248.5 | 
| 24,291.5 | 


| 22,907.0 | 
| 20,568.0 | 


20,941.5 | 
22,502.5 | 
| 21,184.5 | 


10 | 23,605.5 | 
| 21,292.5 | 


diaphragm, 
corrected. 


Lés. 
1,549.5 
1,589.0 
1,510.5 


Total force mov- 
ing valve. 


Lbs. 
2,099.0 
2,126.0 
2,056.5 
2,039.5 


Coefficient of fric- 


2,094.5 


1,730.5 | 


1,924.0 


2,048.5 
2,045.0 | 


1,976.5 


1,836.0 | 


1,816.0 


1,837.0 | 
| 1,642.0 


1,625.5 


| 1,767.0 
| 2,311.0 | 
| 1,877.0 
1,865.5 
964.0 | 


2,095-5 
2,005.0 


| 2,452.0 | 
1,376.0 | 
| 2,322.5 | 
2,758.5 | 
2,393.0 | 


2,412.0 


1,972.0 | 
1,988.5 
916.5 | 
892.0 | 


760.5 
941.5 
850.5 


| 


765.0 | 


Note.—The regulator was full open in all the experiments. 


as to the advantages to be obtained from balancing. The ex- 
periments show that the friction of slide valves is somewhat 
greater against a horizontal than against a vertical face; the co- 
efficient of friction found in the 1889 experiments for valves on 
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| | | 

| 

am. Lbs. Lbs 0.086 ° 

F.| 1 | Pull. | 156 155 0.090 
“ 1 | “ 152 15! 0,087 

aa 1,497.0 0,088 

| “ | 157 ’ 
3) « 154 | 1,562.5 | 
| 146 140.0 1,234.0 | 
158 | 150.0 153920 | 0091 

| | 149 154-5 Be, 
152 150.0 1444-5 | 2090 

« | | 155 147 1,313.0 | og 
« | 150 145-5 0.084 

3; « | 156 151.5 1,300.0 0.078 

: “ } 4 “ | | (55 152.0 1,103.0 0.084 

“ 4| « | 4 147 140 0.072 

F. | 1 | Push. | | | 160 157 0.095 
« | 159 1,709. 
“ “ } | 160 136.0 2,347-5 0.041 
| « | 159 152.0 1,503.0 

“ | 160 148.0 2,620.5 | 0.096 
161 148.5 2,532.0 
B | I “| | 160 147.0 2,973-5 0.057 
“ 2 | “ | 158 142 — 0.112 
4 “ | 5 0.097 

| 420.0 | 
“ | I Pall. | 393-5 0.094 
| 
| 236.0 | 0.082 
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a vertical face was 0.068, while in the experiments dealt with in 
the present paper the average coefficient was found to be for the 
unbalanced valve 0.0878, and for the partially-balanced valve 
0.0919. There is a considerable advantage in having to overcome » 
a force of only 854.3 pounds for the balanced, as against a force 
of 1,946.18 pounds for the unbalanced valves. 

In connection with the 1889 experiments, opinions have been 
expressed that the use of the whole of the area of the back of the 
D valve, when estimating the coefficient of friction, was erroneous, 
on the ground that the only area affected by the pressure in the 
steam chest was an area equivalent to that of the steam ports. 
The argument is that if a flat plate of the same superficial area 
as the back of the valve were moved over another plate in the 
steam chest, there would be no friction; but if the lower plate 
had a hole, say two inches in diameter, bored’ through it, the 
force required to move the flat plate would only be that due to 
the pressure of the steam multiplied by the area of the hole, and 
as this opening became greater, so the force required to move the 
valve would also become greater. 

In order to test this question, an experiment was made on 
another engine of the same class. A cast-iron plate was laid 
upon the ordinary valve face, and through it a two-inch hole was 
bored. An ordinary phosphor-bronze unbalanced D valve worked 
upon it, and the same dynamometer and recording arrangements 
were used for these experiments as for those recorded in the 
first part of the paper. With this arrangement it was found 
that a force of 2,195.9 pounds was required to move the valve 
with a pressure of 160 pounds per square inch in the steam 
chest. The plate was then taken out, and the two-inch hole was 
enlarged to four inches, and five one-inch holes were drilled 
over each of the steam ports. The dynamometer recorded 
exactly the same force of 2,195.9 pounds under these conditions. 
The intermediate plate was then removed and the valve was 
dropped upon the ordinary cylinder face, with the result that 
exactly the same force was found to be necessary to give move- 
ment to the valve. The author is of the opinion that this ex- 
periment disposes of the view that the area of the steam ports 
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only should be taken into account. This is of interest, although 
the fact has been known for a long time in this country.—“ Amer- 
ican Engineer and Railroad Journal.” 


BOILER TUBE TESTS IN THE GERMAN NAVY. 


The following are the specifications for tests and acceptance of 
water tubes for water-tube boilers and steam pipes from Siemens- 
Martin mild steel, as used by the German Navy. 

1. Condition of Tubes —The tubes must be made seamless from 
mild Siemens-Martin steel and must have a normal weight com- 
puted from the dimensions, based upon the specific weight of 
7.850. Variations of only 10 per cent. above or below are permitted. 
Each tube before weighing is inspected at both ends for uniform 
thickness and condemned if the latter is less than 10 per cent. of 
the required gage atany place. Upsetting or swelling of the tube 
ends is only permissible after completed examination for gage. 
A tube shall also be condemned if its surface shows signs of 
‘treatment by files, etc., for the purpose of removing defects in 
the material or manufacture. Minute raised and longitudinal 
strips and waves in the material, if due to the method of manu- 
facture and in excess of 10 per cent. of the normal gage, are 
permitted. 

2. Manner of Test.—To ascertain the quality of the material, 
tensile, bending, upsetting and beading tests, one tube is chosen 
out of each lot of 500. This is split and flattened when hot and 
carefully annealed. The dimensions of the tensile test piece must 
correspond with the formula Z = 11.3 F, in which Z represents 
length and F the cross section for measuring the tensile strength. 
If possible a length of 8 inches is to be chosen. If the dimen- 
sions will permit, tests for tension and bending after quenching, 
should be made with the axis and at right angles to it. The 
tube material must have a tensile strength of not less than 48,358 
pounds per square inch with an elongation of at least 20 per cent. 
longitudinally with the axis of the tube, and a tensile strength of 
48,358 pounds per square inch with an elongation of 18 per cent. 
at right angles tothe axis. Tubes too small in diameter to pro- 


i 
| 


NOTES. 483 


duce test pieces for tension and bending at right angles to the 
axis, must be tested by driving a mandrel into them which is 
20 per cent. greater than the tube diameter; also, by upsetting a 
tube section of 13 inches in length to one-half of this. Under 
these tests the material must not crack. Finally, the upsetting 
and bending tests should correspond in extent to the demand 
required, and the material show no cracks. In conjunction with 
the tension test a bending test after quenching will be made. 
The required strips of 14 to 2 inches in width with slightly 
rounded edges, are heated until glowing cherry red in a dark 
room, and then quenched in water of 82 to 86 F. In this con- 
dition the test pieces must stand bending 280 degrees over a circle 
of a radius equal to the thickness of the strip without showing 
cracks, Only faultless sections of the tubes are to be used for 
test pieces. If the test pieces do not correspond with the above 
conditions, the 500 tubes from which they were chosen must be 
condemned, but the inspector shall have the right to repeat each 
test, and with favorable results accept the lot of tubes. 

3. Pickling of the Tubes.—All tubes found acceptable must be 
pickled. The pickle consists by volume of one part of muriatic 
acid and nine parts of water. Each tube has to be subjected to 
the action of this bath twelve to fourteen hours, then laid for 
half an hour in milk of lime and finally washed in hot water. 
The surface of the tubes should be smooth after this pickling. 
Tubes showing holes of .o2 inch and over in depth will be 
condemned, and also those whose surface shows many holes of 
small depths, with cracks or porous surface. 

4. Treatment of Tubes found Acceptable—Tubes found accept- 
able must be annealed and galvanized on the outside. All steam 
pipes and water tubes of large dimensions, also water tubes in- ° 
tended for Duerr, Niclausse and Belleville boilers, must be tested 
by hydrostatic pressure to 512 pounds per square inch, pro- 
vided no higher pressure has been prescribed. All water tubes 
of smaller diameter, as well as those intended for Thornycroft, 
Normand, Schulz and similar small-tube boilers, after bending, 
must be tested cold by hydraulic pressure to 1,442 pounds per 
square inch without showing leaks or changes of shape. 
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For fire and stay tubes of wrought iron and Siemens-Martin 
mild steel the specifications are as— 

1. Sources of Supply —The Imperial Navy Department retains 
the decision in the sources of supply named by the builders of 
the boilers. 

2. Subdivision of Order.—Each order for fire tubes must be 
divided in test lots of 500 each. A remainder of 100 inclusive 
can be added to the last lot, but for more than 100 a separate 
test lot must be formed. Each order of stay tubes will be 
divided in test lots of 50. A remainder of 10 inclusive can be 
added to the last lot, but for more than 10 a separate test lot 
must be formed. As far as possible, tubes of like dimensions 
only must be included in one lot. 

3. Bending Test after Quenching —From each lot a sample is 
chosen. From this is cut, in the longitudinal direction of the 
tube, a strip about 8 inches long, straightened hot and machined 
to widths of 1} inches, with edges slightly rounded. This strip 
is heated so that it will glow cherry red in a dark room and then 
quenched in water of 82 degrees to 86 degrees Fahrenheit. In 
this condition it is bent 180 degrees with a radius equal to the 
thickness of the strip without showing cracks after bending. 

4. Repetition of Test.—lf the test piece does not come up to 
the foregoing requirements then the test lot is condemned. 
However, if the inspector thinks that the result of the test is 
due to faults in the material or careless treatment of the test 
pieces he is allowed to repeat the test once more, and if favor- 
able to accept the respective test lot subject to the further-on 
named tests. Paragraphs 2, 3 and 4 have no reference to tubes 
of wrought iron. 

5. Swelling of Tube Ends.—The swelling of the gage of one 
end of the fire tubes, or both ends of the stay tubes, for the 
purpose of cutting threads, must be done by upsetting. 
Should the manufacture of tubes require a different manner of 
procedure in obtaining this greater thickness, this will have to 
be submitted to the Imperial Dock Yard, or for boilers built at 
private yards to the Imperial Navy Department. The welding 
on of reinforcing rings is not permitted. Should the increase 
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in gage for the threads be on the exterior of the tube, then the 
other tube end must be swelled out until the widened wall has 
required thickness of the tube. The manufacture must be so 
arranged that the inspection for the thickness of the tubes, be- 
fore they are swelled can be executed, without delaying all the 
other tests. 

6. Pickling.—All tubes that have passed the previous tests 
must be pickled. The pickle consists by volume of one part 
muriatic acid and nine parts of water. Each tube must remain 
in this pickle from twelve to fourteen hours, after which the 
tubes are submerged for one-half hour in milk of lime and 
finally washed off in hot water. 

7. Condition of Surface-—Tubes which show holes or cracks 
of depths of .o2 inch or more will be condemned as those stay 
tubes which show holes or cracks of more than .03 inch. The 
same applies to tubes with surface full of small holes of minute 
depth or places full of cracks or pores. All tubes will be con- 
demned that show a treatment by file or other tools for the pur- 
pose of removing slag or other surface defects. 

8. Variation of Gage—Each tube will be condemned if its 
gage, examined at both ends for uniformity, varies more than 10 
per cent. from the prescribed gage. The required swelling upof 
fire tubes must be done only after examination for gage. 

9. Variations in Weight.—Fire tubes and stay tubes will be 
weighed singly. They must have a normal weight computed 
from required dimensions, based upon specific weight of 7.763 
for wrought iron, and 7.850 for Siemens-Martin mild steel. 
Variations of 10 per cent. are allowed above or below this nor- 
mal weight. 

10. Hydrostatic Test.—All tubes that have stood the above re- 
quirements will be tested cold by hydraulic pressure to twice the 
working pressure of the boiler for which intended. They must 
stand this pressure without leaking or showing lasting change 
of form. 

11. Preservation—Immediately after completed examination, 
the tubes will be coated with varnish, inside by means of a swab 
and outside by means of a rag. 
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12. Stamping.—All tubes which have proved acceptable will 
be stamped on anend surface with an M surrounded by a crown. 
Rejected tubes will be stamped on an end surface with the 
letter V. 

13. Replacement of Tubes.—The contractor will be compelled 
to replace free of cost all accepted tubes which prove defective 
when secured in the boiler upon shortest notice, usually in three 
weeks from the date of notification. 


SUPERHEATED STEAM. 


A recent editorial in the “ Engineering News” upon the Design 
of Engines to use Superheated Steam, calls particular attention to 
recent progress which has been made in Europe in using this in 
large mill engines, and thus describes the lines upon which the 
work is advancing: 

The secret of the great success which the European engine 
builders have attained is very simple. It lies in the use of verti- 
cal engines with poppet valves in connection with superheated 
steam. Those whose recollections extend back to the period, 
many years ago, when superheating was given an extensive 
trial, will remember that the chief difficulty found with it was 
the burning up of ‘the lubricant and the cutting of valves and 
cylinders. It required very few experiences of this sort to give 
the practice of superheating a very black eye. No matter what 
claims might be made for theoretical economy in superheating, 
those who had heard of mills shut down while injuries were re- 
paired which engines had received while superheated steam was 
on trial were in no mood to investigate further an innovation 
which promised to give rise to such troubles. 

Thus it happened that superheating was abandoned, and it has 
remained for the studious Germans to again bring it forward and 
demonstrate its practicability. They have got rid of the rub- 
‘bing surfaces in the cylinder by making the cylinders vertical 
instead of horizontal, and they have got rid of the rubbing sur- 
faces of the valves by using poppet valves in place of slide 
valves. 


NOTES. 487 


Both these changes, we have long held, are really valuable and 
inportant improvements in the design of steam engines. Ina 
horizontal cylinder the entire weight of the piston must be car- 
ried on the bottom of the cylinder, and we have this heavy mass 
of metal, weighing in large engines a half ton or more, being 
dragged back and forth at a speed of 500 to 1,000 feet per min- 
ute on a metal pathway which can at best be very imperfectly 
lubricated. The natural and inevitable result is the wearing of 
the bottom of the cylinder until it is measureably out of round, 
and more or less leakage of steam past the piston occurs. 

In the vertical. engine, the weight of the piston is transferred 
directly to the crank-pin, and operates merely to slightly increase 
the pressure upon it on the down stroke and to relieve the pull 
upon it to a corresponding extent on the up stroke. The only 
wear upon the barrel of the cylinder is that due to the piston 
packing rings, and the difficulties with uneven wear and heating 
of the glands and packing around the piston rod are likewise 
overcome. 

It is noticeable that the tendency of recent practice, both in 
this country and abroad, is toward the vertical type of engine. 
In electric power stations, for example, it has been rapidly gain- 
ing ascendancy over the horizontal engine for some years. From 
the above discussion, it seems clear that this is a change in the 
right direction. 

Even more important than the use of the vertical engine is the 
adoption of the poppet valve. The piston presses with only its 
own weight upon the cylinder, as it sweeps back and forth ; but 
the slide valve is loaded with a steam pressure often equivalent 
to a weight of several tons. 

The work done in operating a poppet valve is very much less 
than that required to operate a slide valve, for the load upon the 
poppet valve is relieved as soon as it is started from its seat, 
while the slide valve is loaded all the time. Further, the wear 
upon the slide valve begins as soon as it is put in operation, and 
continues with the rapidity to be expected where two hot metal 
surfaces rub against each other under high pressure and with 
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very imperfect lubrication. The wear upon a properly designed 
poppet valve, on the other hand, is very slight. 

It may seem strange that these manifest advantages have not 
brought the poppet valve into more extensive use as a competi- 
tor of the slide valve; but there are evident reasons for its ne- 
glect. In the first place, the design of a valve-operating gear 
which will promptly open and close a poppet valve and do it 
without jar or shock, is a problem by no means easy of solu- 
tion. Some form of cam gear is almost essential to effect this, 
and American engine builders, and users as well, have never 
looked with much favor on cam gears, notwithstanding the high 
economy which has been obtained by their use. 

Simplicity has always been the cry of American mechanical 
designers; and it certainly has saved them from the production 
of some such complicated extravaganzas of mechanism as have 
become notable in France and Germany. On the other hand, it 
must be said that sometimes a device is discarded as too com- 
plicated when the complication exists in the mind of the de- 
signer, who prefers some mechanism with which he is more 
familiar. There are poppet valve gears, for example, if we mis- 
take not, which are much less complicated than some of the slide 
valve mechanisms which have been developed in the attempt to 
secure a slide valve which shall be relieved of steam pressure, 
and which shall give prompt and full port opening and release 
under all conditions of cut-off. 

The results which are being attained by the Continental steam 
engine builders are already exciting the attention of American 
steam engine users. We know of one large electric lighting 
company, for example, which has for years been trying to obtain 
engines which would give higher fuel economy. They have had 
engines designed by their own engineers and built to their own 
drawings and specifications. They have also tried the plan of 
asking engine builders to submit their own plans with induce- 
ments to offer high guarantees of economy. Recently a commit- 
tee of the company’s managing officers was sent on a European 
tour, to study foreign practice in steam and electrical engineer- 
ing. They returned strongly impressed with the great advances 
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which have been effected there through the use of superheated 
steam. 

A piece of additional evidence as to the interest which super- 
heated steam is arousing in this country is furnished by the re- 
marks of Mr. Elihu Thomson, the well known electrical engineer, 
at a recent meeting of the American Institute of Electrical En- 
gineers. Mr. Thomson, it appears, has recently been turning 
his attention to steam engineering design, and the results of his 
work were stated by him as follows: 

Engines as small as four horse-power can be made to develop 
a brake horse- power (not indicated) on about 20 pounds of water 
per horse-power hour. I make that statement advisedly because 
I have been experimenting for a year in that direction. Engines 
of this kind can be turned out in any machine shop without any 
particular difficulty, being as easy to make as any simple engine. 
I find, curiously enough, after doing a certain amount of work in 
this direction, that M. Serpollet, of Paris, has recently published 
a statement concerning a steam engine as applied to horseless 
vehicle work, and I find further that his engine is about the same 
as mine. This goes to show that we have been thinking pretty 
much in the same groove. I need make no secret as to what 
the engine is, because M. Serpollet has published it, although 
our own patents are pending. But it is so simple that it is as- 
tonishing that something of the kind has not been used or at 
least experimented with before. My reasoning was this: That 
the gas engine is an efficient engine and that I must run my 
steam engine on the same principle as the gasengine. In other 
words, I must imitate the cycle of the gas engine in steam, and 
then I would get high efficiency, with other advantages. If I 
represent an ordinary steam cylinder as an open-ended cylinder, 
and put a piston P in that cylinder, well packed by rings, 
and either use a straight piston rod and guides in the ordinary — 
way, or a connecting rod joined to the piston, we have the type 
of engine as it stands. Now instead of reversing the motion 
of the steam as it enters back of the piston and throwing it 
back to the heated surfaces in exhausting, we are careful never 
to throw it back, but always let it go forward. We make an ex- 
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haust consisting of a number of holes uncovered by the piston 
at the extreme outward portion of its stroke. The piston is 
moving slowly when at end of stroke and there is plenty of time, 
if the holes are made around the piston, to discharge all the 
steam. In order to use superheated steam and not burn the 
valves or injure the engine, we use a poppet valve which is 
raised by proper valve mechanism in time with the rotations of 
thecrank. Now,suppose the engine cylinder has been exhausted 
of steam to atmospheric pressure. Instead of letting the piston go 
all the way up to the end of the cylinder we can allow a clearance 
space similar to the clearance space ina gasengine. We canthus 
allow a certain compression ; and the compression can nearly 
equal the boiler pressure, or it may fall below it. This seems to 
make but a slight difference. We have, therefore, adiabatic com- 
pression with a slight heating during the compression, because 
the steam left in the cylinder is being driven up towards hot 
surfaces, those that have been heated by the live steam. Then 
we have the poppet valve opened suddenly, and pressure rises 
to boiler pressure. The valve stays open but a very short time, 
and expansion takes place from cut-off to exhaust. The diagram 
resembles a gas engine diagram. What is left in the cylinder is 
again driven up and compressed. Now, what is the result? 
There is a temperature gradient from one end of the cylinder to 
the other. The steam always coming in hot, cools off by expan- 
sion; by the time it gets to the exhaust point it is ready to go 
out. It sweeps out all water condensation, and what steam is 
left in the cylinder is driven back on hot surfaces, dried and 
superheated ; the poppet valve opens and makes, as it were, an 
explosion of steam ; remains open but a small time, and expan- 
sion brings the pressure down again, and so on. The engine 
with four cylinders 2} inches in diameter, 3-inch stroke, has given 
the result of 20} pounds of water per horse-power hour, at 160 
pounds to 200 pounds pressure. 

This small engine does not condense at all ; the escape is out- 
wardly totheair. We made careful brake tests, driving a dynamo 
and loading the dynamo, and against the results of test is the 
transmission by a chain and the bearing on which the dynamo 
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ran. That is, we really ought to allow about 5 percent. more, 
which would bring the steam down to about 19} pounds per 
brake horse-power hour. With a large engine I see no reason 
why it should not go down to something like 15 or 16 pounds, 
Surely we ought to gain something with increase of size. 

Again, notice the conditions. There is no retraversing of 
passages, no retraversing of even the cylinder portion. The 
steam enters, goes forward and out, and it is running steadily 
forward. Thus we have a temperature gradient from one end to 
the other of steam cylinder. We use superheated steam, highly 
superheated if we please, because the engine is like the gas en- 
gine which can use flame. 


DEFLECTION OF TUBES. 


The accompanying table shows the results of experiments 
made at the Navy Yard, Norfolk, to ascertain the deflection of 
an ordinary boiler tube simply resting on supports at each end. 
The figure representing the tube shows the deflection greatly 
exaggerated, as, if drawn to scale, the deviation from a right line 
would scarcely be noticeable. 

The tests were made as follows: Fair specimens of charcoal- 
iron tubes were used, as suitable steel tubes were not available 
at the time. 

The surface of A and B were smooth and nearly exactly round, 
the diameters measured in different places along the lines 1, 2, 
3 and 4 varying .o1 inch. ; 

The surfaces of C and D were not very smooth, these tubes 
having had a slight coat of rust, which was removed by scrub- 
bing with brick dust and water, then washed and dried and rub- 
bed bright with emery cloth, leaving them slightly rust-spotted 
in places. The diameters measured as on A and B vary .04 inch. 

Each tube was placed over the table of the large planer, the 
ends resting one-half inch on parallel blocks; the planer table 
having been carefully cleaned and made smooth along the line 
over which the measurements were made. 

The space between the parallel blocks was divided, as shown 
on the tracing, Fig. 1, and the corresponding measurements for 
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each tube were made over the same spots. A steel plate, 2 by I 
by } inch was planed and finished with the broad surfaces paral- 
lel, and this was used to place on the table over each division to 
eliminate any slight irregularity in the surface of the table. The 
distance between the top of this plate and the under side of each 
tube was measured with an inside micrometer caliber capable of 
measuring accurately to .0005 inch. Each tube was measured 
at intervals along its length, as shown on tracing, then turned a 
half revolution and measured again; then turned a quarter revo- 
lution and then a half, so that each was measured on four (4) 
sides. 

The measurements obtained are shown in the tables, the whole 
number of inches (2), being the same for each, are left off, the 
decimal parts only being given. 


THE LOSS OF HEAT FROM LOCOMOTIVE BOILERS. 


The most elaborate series of tests ever undertaken to deter- 
mine the loss of heat from locomotive boilers were made last 
summer by the Chicago & Northwestern Ry. Co., in co-opera- 
tion with several manufacturers of boiler coverings. A complete 
report of these tests was given in a paper read at the January 
meeting of the Western Ry. Club by Mr. Robert Quayle. The 
tests were made under the general direction of Messrs. W. H. 
Marshall and F. M. Whyte and Prof. W. F. M.Goss. The com- 
plete paper and discussion is much too long to give space to here ; 
but we have prepared the following abstract containing the sub- 
stance of the paper: ° 

Plan of the Tests.—In carrying out the tests two locomotives 
were employed; one, to be hereafter referred to as the “ experi- 
mental locomotive,” was subject to the varying conditions of the 
tests; the other was at all times under normal conditions, serv- 
ing to give motion to the experimental locomotive, and as a 
source of supply from which steam could be drawn for use in 
maintaining the experimental boiler at the desired temperature. 
The experimental locomotive was coupled ahead of the normal 
engine, and, consequently, was first when running, to enter the 
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undisturbed air. The action of the air currents upon it, there- 
fore, was in every way similar to those affecting an engine doing 
ordinary work at the head of a train. 

The boiler of the experimental locomotive was kept under a 
steam pressure of 150 pounds by a supply of steam drawn from 
the boiler of the normal engine in the rear. There was no fire 
in the experimental boiler. It was at all times practically void 
of water. Precautions were taken which justified the assumption 
that all water of condensation collecting in the experimental boiler 
was the result of loss of heat from its exterior surface. This 
water of condensation was collected and weighed, thus serving 
as a means from which to calculate the amount of heat lost. 

The Experimental Boiler.—The Chicago & Northwestern loco- 
motive, No. 626, the boiler of which served in the experiments, 
is of the 8-wheel type, weighing about 90,000 pounds. The prin- 
cipal dimensions of the boiler are as follows : 


Total area, external surface, not including surface of smoke-box............... 358.0 
Area of steam-heated exposed surface not lagged............:ssssssesseeeeceeceeee 139.0 


Ratio of surface covered to total surince...........ccccccsccecessescccccsssccascce-oe 


It should be noted that the values given above are based upon 
projected areas of the plain boiler. No account has been made 
of the edges of plates at joints, or of surface due to the projec- 
tion of rivet heads, or to the surface of various attached projec- 
tions, such as running-board brackets and frame fastenings. 
While all such projections above the general surface of the boiler 
are active agents in conducting heat from the interior, the pres- 
ent study does not require them to be taken into account. The 
extent of area covered for this boiler is entirely normal for the 
class of locomotives to which No. 626 belongs, which gives added 
interest to the fact that but 61 per cent. of the exposed surface of 
the boiler was covered. 

The tests made were of two sorts: First, with the experiment- 
al engine at rest, which test will be hereafter referred to as the 
“standing test;” and the second, with the experimental boiler 
in motion at a rate of speed, approximately, 28.3 miles per hour, 
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to be hereafter referred to as the “running test.” Both standing 
and running tests were made with the experimental boiler bare, 
and also when protected by six different coverings. Tests of 
two of these were repeated, making altogether nine standing 
tests and nine running tests to be reported. These are desig- 
nated as follows: A, B,C, D,, D,, E, F;, F,and G. A represents 
the test of the bare boiler. D, and D, are different tests of the 
same covering, and, similarly, F, and F, are tests of a single 
covering. 

Results.—The observed and calculated results are summarized 
as follows: 

Pounds of steam condensation per minute. 

Standing test 6.78 2.63 3.42 2.91 2.80 3.52 3.04 3.22 3.03 
Running test 5-68 5.47 5.03 5.34 5.21 5.29 5.30 5.70 
boiler. 

The values, as given, have been reduced to a common basis 
with reference to steam pressure, atmospheric temperature, and 
running speed, and, so far as these factors are concerned, are 
comparable. They have not been corrected for variations in 
thickness of covering, which in all cases was slight or for vari- 
ations in the velocity and direction of the wind. 

Efficiency of Coverings.—The percentage of the heat transmit- 
ted from the bare boiler, which is saved by any covering, may 
be obtained by subtracting the amount of condensation for the 
covering in question from the condensation for the bare boiler, 
and by dividing one hundred times this difference by the con- 
densation for the bare boiler. The result expresses the effi- 
ciency of the covering. Values thus obtained are as follows: 

Efficiency of coverings as disclosed by running tests: 

Per cent. 
60.2 
61.7 
64.8 
62.2 
63.5 
62.9 
62.8 
60.1 
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The results appearing in this table are corrected for variations 
in steam pressure, atmospheric temperature and speed, but not 
for variations in weather and wind conditions or for variations 
in thickness of covering. The average efficiency disclosed by 
the eight tests is 62.3 per cent. 

The conclusion, stated in very general terms, is that any of the 
coverings tested can be relied upon to save from 60 to 64 per 
cent. of all the heat which would radiate from the boiler were it 
not covered at all. 

One Reason for Similarity of Results.—The fact that the results 
obtained from the several coverings are so nearly alike can hardly 
fail to occasion surprise. Had thin layers of the material tested 
been subjected to carefully planned laboratory tests, the results 
would doubtless have differed more widely, but it must be ex- 
pected that the value of such difference will diminish as the speci- 
mens experimented upon are increased in thickness. A material 
which is rather an indifferent non-conductor will serve to pre- 
vent the passage of heat if applied in sufficient thickness. While, 
therefore, the coverings tested were of normal thickness, it would 
seem that this thickness is sufficient to reduce to a negligible 
amount the effect of the superior non-conducting properties 
which the material of one covering may have possessed over 
others. 

Efficiency of Covering and Heat Loss from Different Portions 
of the Boiler —The results show that the covering of 61 per cent. 
of the exterior surface of the experimental boiler saves 62.3 per 
cent. of all the heat radiated from the same boiler under similar 
circumstances when bare. It does not, however, follow from 
this statement that if 100 per cent. of the exposed surface of the 
boiler were covered, 102 per cent. of the heat lost from the bare 
boiler would be saved. Such a conclusion must obviously be 
absurd, though a hasty consideration of the facts presented might 
seem to justify it. The fact as first stated, however, proves that 
there is a vast difference in the character of the exposure to 
which different portions of the boiler are subjected. While only 
61 per cent. of the surface of the boiler was covered, the protec- 
tion was evidently applied where it was most needed. The per- 
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centage of the total exposure guarded against was greater than 
the percentage of surface covered. For this reason, increasing 
the covered area by 10 per cent. cannot be depended upon as a 
means of reducing radiation losses by a like amount. It will 
reduce loss, but the amount of the reduction may be very much 
less than 10 per cent. It is for this reason, also, that all com- 
parisons in this report have been based upon the boiler as a 
whole. The radiation is stated in terms of pounds of steam con- 
densed per minute for the boiler experimented upon, rather than 
as pounds per minute per square foot of exposed surface. The 
latter unit would be a more general unit, but its use in interpret- 
ing the data under consideration would be misleading. 

Radiation and Its Power Equivalent.—Assuming that a loco- 
motive will develop a horse-power by a consumption of 26 pounds 
of steam per hour, and assuming that the steam thus consumed 
must be generated from water at 80 degrees Fahrenheit, the radia- 
tion losses already given may be expressed in terms of power 
losses of equal value. The practical effect of these assumptions 
is to define a horse-power as equal to the condensation under the 
conditions of the tests of 34 pounds of steam per hour, the steam 
having a pressure of 150 pounds and the water the temperature 
due to the pressure. Upon this basis the following results are 
obtained. They apply only to the boiler tests. 

Horse-power lost by radiation : 


Bare boiler. 
Locomotive at rest, under conditions of test 
Locomotive running 28.3 miles per hour and otherwise under conditions of 


Boiler lagged as in test: 
Locomotive at rest, under conditions of test 
Locomotive running 28.3 miles per hour and otherwise under conditions of 


A locomotive similar with that tested may be expected to 
deliver a maximum of 600 horse-power. It is evident that if the 
uncovered boiler were under conditions of speed, etc., which 
are now uncommon in service, that at least 10 per cent. of the 
total power of the machine would be lost in radiation from its 
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exterior surface. This, then, discloses the extent to which loco- 
motive performance may be affected by radiation. A perfect 
covering enveloping the entire external surface of the boiler would 
prevent the entire loss. Actual coverings, such as those tested, 
extending over a portion of the surface, prevent approximately 62.3 
per cent. of the loss. It seems to bea fact, therefore, that a boiler 
protected in accord with good practice loses power when stand- 
ing in warm weather, at the rate of 44 horse-power, which amount 
will increase if the pressure of steam is increased, or the tempera- 
ture of the atmosphere is reduced, or the engine is put in motion. 

Cost of radiation from the boiler experimented upon may be 
stated as follows: 

BaRE BOILer. 


Pounds of coal per hour equivalent to radiation losses, assuming evaporation 
from and at 212 degrees Fahrenheit, of 6 pounds of water per pound of coal— 

When standing 

When running 28.3 miles per hour 

Tons of coal per month, assuming boiler to be under steam standing : 200 hours 
and running 28.3 miles per hour during 300 hours per month 

Cost of radiation per year for the boiler tested, assuming the conditions of the 
preceding paragraph and assuming the price of coal $2 per ton 


As locomotives are never run entirely bare, the estimated 
annual loss by radiation, of $600 per engine, is higher than 
would be likely to occur on any engine in service. It is, how- 
ever, a statement of the total loss which may occur, and as such 
will be useful in estimating the value of savings which may be 
effected by the application of coverings. 

It has been shown that the several coverings tested have an 
efficiency which is not far from 62.3 per cent. The annual sav- 
ing, therefore, which would be effected by the application of any 
of the coverings would be 


$600 XK .623 = $383.80, 


the remaining $226.20 still going to waste through radiation. 
The results show that anything which will increase the efficiency 
of the covering on the engine tested by 1 per cent. will result in 
a saving of $6 per annum. A 2 per cent. increase of efficiency 
will save $12, a 3 per cent. increase 18, and soon. This holds 


126 
25 


NOTES. 499 


good for the particular engine tested and for the conditions 
under which the engine was tested. 

The fact should be emphasized that the results thus far given 
are those derived from the actual experiments. These involved 
a boiler of moderate size, carrying steam pressure which is now 
regarded as low, and were conducted in the month of August. 
It should be noted, also, that the running tests involved a speed 
of less than 30 miles per hour. It is evident that other condi- 
tions, quite common to actual service, would operate to greatly 
increase the radiation losses described. The effect of changes 
in some of these conditions will next be considered. 

The effect of changes in speed on radiation has long been an 
open question. It has been argued that a boiler perfectly cov- 
ered would be, to a very great extent, unaffected by surrounding 
air currents, and hence that its radiation losses would not be 
materially greater when the locomotive is at speed than when 
standing. But those who appreciate the intensity of the cool- 
ing currents which circulate about a locomotive when at speed 
have been slow to accept such a view, and the tests under con- 
sideration confirm their position. They give a measure of the 
radiation losses, both when the locomotive is at rest and when 
moving at a uniform speed of 28.3 miles an hour. While these 
points are not sufficient to establish with accuracy the complete 
relationship of radiation and speed, an estimate of real value 
may be based upon them. Such an estimate shows that the 
bare boiler, when at rest, radiates sufficient heat to condense 
6.78 pounds of steam at 150 pounds pressure per minute, which 
amount is increased to 28 pounds when the same boiler is driven 
at a speed of 80 miles an hour. Similar values for the covered 
boiler are 3.0 pounds and 10.6 pounds respectively. 

Changes in Atmospheric Temperature-—The results recorded 
were obtained in midsummer and all have been corrected for an 
atmospheric temperature of 80 degrees Fahrenheit. For each 
10 degrees reduction in atmospheric temperature below 80 de- 
grees the radiation may be expected to increase 3.5 per cent. 
For a zero temperature the radiation losses recorded in this re- 
port should be increased by about 28 per cent. For example, 
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if, when the atmospheric temperature is 80 degrees the conditions 
are such as result in the condensation of 5 pounds of steam per 
minute; when the atmospheric temperature is zero the conden- 
sation will be 


5 +5 (.035 X 80)=5 +1.4=64 


From this it appears that very low temperatures are attended 
by radiation losses of considerable magnitude. 

Changes in Steam Pressure -—The experiments were conducted 
under a boiler pressure of 150 pounds by gage. With an in- 
crease of pressure the boiler temperature will become higher, 
and the radiation losses will, as a consequence, be augmented. 
Changes arising from this source, however, are not great. For 
each 10-pound increase of pressure above the limit of 150 pounds 
the radiation may be expected to increase by about 1.6 per cent., 
but this will not apply for pressures much above 200 pounds. 
A pressure of 200 pounds will involve losses by radiation which 
are 8 per cent. greater than those making up the record of this 
report. 

Possible Losses from the Boiler Experimented upon.—Applying 
the results expressed in the preceding paragraphs, it can be 
shown that with the boiler bare and the locomotive running at 
80 miles an hour, under a steam pressure of 200 pounds, with 
the atmospheric temperature at zero, the loss by radiation would 
be the equivalent of 67 horse-power, while a covered boiler run- 
ning under the same conditions of speed, pressure and atmos- 
pheric temperature, would still be subject to a loss of 25 horse- 
power. Asa locomotive similar to that tested may be expected 
to deliver a maximum of 600 horse-power, it is evident that under 
the extreme conditions just assumed, which are not at all un- 
common to service, at least 10 per cent. of the total power of the 
engine would be lost in radiation. This is for an uncovered 
boiler. An application of any of the coverings tested would re- 
duce the loss to about 4 per cent. 

Size of Boiler —In reviewing the facts presented in the pre- 
ceding paragraphs, it will be well to keep in mind the fact that 
the boiler tested was one of moderate size. Many boilers are 
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now running which present an exposed area which is at least 
50 per cent. greater than that presented by the boiler under test, 
and it should be evident that the losses from such large boilers 
will be greater than those disclosed by the tests under consider- 
ation. For boilers of the same general type the loss will prob- 
ably be proportional to the exposed surface. 

Conclusions.—In view of the very strong air currents which 
circulate about the boiler of a locomotive at speed, it is not sur- 
prising that the losses by radiation are large. While their value 
is dependent upon conditions which may vary widely, they 
always go on whenever the boiler is under steam. In this re- 
spect radiation losses are unlike those which occur within the 
engines of the locomotive, since, to a considerable extent, these 
latter cease to operate whenever the throttle is closed. 

All of the experimental results and the conclusions based upon 
them were obtained from an engine of moderate size, carrying a 
pressure which, in the light of modern practice, must be con- 
sidered low, and under conditions of summer atmosphere. The 
running speed, also, was not high. These conditions cannot be 
considered as in any way calculated to disclose large radiation 
losses, and yet the results are such as will merit the earnest at- 
tention of all who are interested in improving locomotive per- 
formance. In this connection it will be well to again emphasize 
the fact that the losses which have been measured and which are 
defined in this report do not include radiation from saddles and 
cylinders, or from any portion of the locomotive excepting the 
boiler itself. 

It may be assumed that the boiler, as covered in each of the 
several tests involving covering, was as well protected against 
radiation as is the average boiler of American locomotives, not- 
withstanding the fact that when thus covered there is still a loss 
of heat, which in money value annually represents many times the 
cost of the best covering which the market to-day affords. Im- 
provement is to be found not only in improving the character of 
the covering itself, but chiefly, probably, in extending the cov- 
ered area of the boiler and projections attached thereto.—* Engi- 
neering News.” 
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MISCELLANEOUS. 


Tue Latest AND LarGest Hyprau ic Press.—A correspond- 
ent of the “American Machinist” says: I notice in your issue 
of March 16, 1899, an article headed “ The Latest and Largest 
Hydraulic Press.” While it may be the latest, it is by no means 
the largest, as you will note from the following comparison, based 
on figures which represent the dimensions, etc., of a hydraulic 
press which we have at the works of the Bethlehem Iron Co., 
and which has now been in operation for several years: 


B. I. Co. Parkhead. 

Maximum capacity 14,000 tons. 12,000 tons. 
Diameter of plungers (2) 50% in. (1) 72 in. 
Total area plungers 4,071 sq. in. 
Pressure per square inch 5,900 lbs. 
Width frame inside the columns 14 ft. 6 in. 15 ft. 

17 ft. 14 in. 13 ft. 
s (3 sets cylinders) ¢ (4 sets cylinders) 

21 in., 43 x 18 ft. stroke* 

Balance cylinders (H. P.)............++- (2) 13 in. (2) 15 in. 
Balance accumulative pressure......... 2,000 Ibs. sq. in. 1,300 Ibs. sq. in. 


Power supplied by 


*This is probably a mistake. 18 feet is a long stroke. 


A Marine Brake.—The following extract from a recent 
report of H. Albert Johnson, United States Consul at Venice, 
appears in “ The Marine Review,” Cleveland, Ohio, March 16: 
“The agent of the Austrian Lloyd Steam Navigation Company, 
in Venice, has brought to my notice an interesting series of ex- 
periments recently conducted at Fiume by the director of the 
Lloyd shipyards. The experiments tested the efficiency of an 
invention by a Hungarian engineer, Mr. Svetkovich, for stopping 
vessels under full steam. The Austrian Lloyd placed its towboat 
Clotilde at the disposal of the inventor, and three trials were 
made to test the invention under different conditions. This 
marine brake is a sort of parachute of fine spring-steel plates 
which, when out of use, fit into one another and hang above 
water. For the first trial, the apparatus was attached to the stern 
of the CZotilde, and the steamer put on full steam. When maxi- 
mum speed was attained—in Austrian reckoning, 9 miles per 
hour—the retaining hook was released, and the parachute plunged 
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into the water. With a scarcely perceptible shock the vessel 
came to a standstill in thirty feet. It was found, however, that 
the rods and guys supporting the brake were badly strained. If 
they had not yielded the shock would have been much more 
severe. The fact that the supports did yield did not argue seri- 
ously against the efficiency of the brake, but was attributed to 
the provisional character of the arrangements. The second trial 
was designed to show how far the vessel would proceed when 
her engines were stopped at full speed, no brake being used. 
The distance was found to be 300 yards. The third trial meas- 
ured the forward movement when the engines were reversed from 
full speed astern. This time the C/oti/de stopped in sixty yards. 
While the second and third trials were in progress, the marine 
brake was refitted with more powerful supports, and a fresh ex- 
periment was made. This time the vessel stopped almost in- 
stantly. These results, while hardly to be considered valid for 
the powerful ocean liners, with which the necessity for a quick 
stop is occasionally so crucial, indicate that an important prin- 
ciple has been introduced among marine safeguards. The Aus- 


trian Lloyd Company is awaiting with interest the results of an 
improvement which Mr. Svetkovich wishes to add to his device, 
and seriously contemplates equipping its great fleet with the 
useful apparatus.” —“ Literary Digest.” 


A System oF PrinTING TELEGRAPHY, known as “ Professor 
Rowland’s Multiplex,” was recently tested between Philadelphia 
and Jersey City with highly satisfactory results. On this system 
a message is sent and received in legible and easily read type, 
transmitted from keyboards similar to those of a typewriter, the 
characters including simply the ordinary alphabet and numerals. 
The device on trial was made at the Johns Hopkins University, 
in order to demonstrate what merits it possessed and also its 
weakness, if any, and it is arranged for eight messages, four in 
each direction, and duplexed in the usual way. The messages 
are printed on either a tape or a page, and a speed of sixty words 
a minute has been obtained in some of the experiments, but the 
limit of speed or the number of messages was not reached. 
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There is no other multiplex printing system sending from a key- 
board and received on a page, and this one is only a part of that 
invented by Professor Rowland. The whole invention contem- 
plates a relay method, by which any amount of territory may be 
covered, and comprises a system by which eight people in one 
city can be in communication with eight others in another place 
over one wire and with absolute secrecy. Among the advant- 
ages claimed for the multiplex system is that of less liability of 
error, since there is only one person engaged, and he the sender ; 
while, by the Morse system, there is an opportunity for mistakes 
at each end of the line —‘ Engineering,” April 21, 1899. 


Gas ENGINES FOR OPERATING ELEctrrRic PLants.—Mr. Oliver 
F. Allen gives in “ Progressive Age” the result of inquiries sent 
to thirty-five users of gas engines for operating electrical plants, 
Of twenty-four replies received, the writers of fifteen are entirely 
satisfied, and have had no trouble, four have had some trouble 
with igniters, one has had trouble in starting with a cold cylinder, 
one engine requires too much attention, one is not able to give in- 
formation on account of engines not running yet, one is doubtful 
and one iscondemnatory. Seventeen of the engines reported are 
from 125 to 30 horse- power in size, and the owners of the larger 
engines particularly express much satisfaction from their use. 
The gas consumption reported varied from 13.6 to 30 cubic feet 
per B.H.P., on the basis of 650 B.T.U. gas. Various makers com- 
municated with guaranteed consumptions ranging from 15 to 20 
cubic feet per B.H.P. 


A VELocity oF 3,000 FEET Per SEconD was recently recorded 
in the late tests, at Indian Head, of the new 45-caliber 6-inch 
U.S. naval gun. This is claimed to be the best record made by 
a gun of this class. The Krupp 15-centimeter (5.87-inch) and 
the 16-centimeter (6.3-inch) use projectiles weighing 88.2 and 
110.2 pounds respectively ; but the highest muzzle velocity re- 
corded for these is 2,635 foot seconds. These guns are 50 cali- 
bers long. The Krupp 21-centimeters (8.24-inches) uses a pro- 
jectile weighing 238.1 pounds, and is credited with a muzzle 
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velocity of 2,822 foot seconds; and the same velocity has been 
obtained with a Krupp 24-centimeter (9.45-inch) gun, with a 
projectile weighing 352.7 pounds. The nearest French gun in 
type is the Schneider-Canet quick-fire, 5.91-inches caliber, using 
a projectile weighing 88.2 pounds. With lengths of 45, 50 and 
60 calibers this gun shows velocities of 2,625, 2,756 and 2,953 
foot seconds respectively. The 60-caliber length is an experi- 
ment, and the 45-caliber is the one to be compared with the 
American gun. The 6-inch Elswick guns of 50-calibers claim 
a velocity of 2,940 foot seconds, but the British naval authorities 
say that the velocity is not desirable, owing to the great wear 
on the gun. The American full tests are not made public ; but 
it is claimed that the results were due to a new smokeless pow- 
der recently adopted by this Government.—“ Engineering News.” 


ILLUMINATING SHELLS for lighting up large areas of ocean in 
life-saving work, or to obtain the range of the vessels of an enemy, 
are proposed by the American Illuminating Shell Co., of Balti- 
more, Md. The shell used is a hollow cylinder made of steel 
tubing, and charged with calcium carbide, which, coming into 
contact with water, generates acetylene gas. Theend of the shell 
remains above water, and at this end are burners lighted by an 
electric device contained in the shell. It is claimed that the light 
produced is of 1,000 candle power and cannot be extinguished 
by water. The shell is to be shot from a gun to a distance of 
two miles, and floats with one-quarter of its length above water. 
—‘ Engineering News.” 


PROPELLER BLADES AND RuppERs.—Steel propeller blades are 
being made by the Penn Steel Casting and Machine Company, 
Chester, Pennsylvania, for the ocean steamers S¢. Louis and St. 
Paul, of the International Navigation Company, each weighing 
fivetons. These blades, bolted on the hub in their proper place, 
would make a wheel twenty feet in diameter. The company has 
also made solid cast-steel rudders, cast in one piece, weighing 
about eleven tons, for the steamers Waes/and and Kensington, 
and it has an order in hand for another solid rudder for the 
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steamer Southwark, and also two for new steamships now being 
built on the Clyde for the same navigationcompany. The latter 
two rudders will weigh each fifteen tons.—“ Engineering,” March 


24, 1899. 


THE EQuivaALent oF A Watr Hour 1n MEcHANICcAL UNits.— 
One way of defining a watt hour is to say that the energy repre- 
sented by it is equal to that expended in raising a pound toa 
height of 2,654 feet, or two watt hours correspond almost exactly 
to raising a pound to a height of one mile. Applying this to 
primary batteries gives results which at first sight are rather 
surprising, as they show how much energy is stored in them. 
A certain dry battery, for instance, weighing 6.38 pounds, yielded 
130 watt hours, which, if applied to raising the battery itself, 
would lift it to a height of over ten miles. In one hour the 
energy translated in an ordinary 16-candle-power lamp weighing 
about an ounce would raise that lamp to a height of 400 miles at 
a velocity of nearly seven miles per minute.—“ Electrical World.” 


Boitinc Points oF LIQUEFIED GASES AT ORDINARY ATMOS-— 
PHERIC PRESSURE.—The following table may prove itself as a 


record: 
Deg. Cent. 


Sulphur dioxide, — 10 
Sulphuretted hydrogen, 62 
Nitrous oxide, ‘ 88 
Ethylene, P —102 
Marsh gas, ‘ —164 
Oxygen, . ; ; —183 
Hydrogen, . ‘ —238 
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SEARCHLIGHTS IN THE IcE—It is stated from Cleveland that 
searchlights have proved useful this winter in the heavy ice on 
the lakes. When they were first placed upon the Detroit and 
Cleveland steamers they were regarded more as an ornament and 
advertising medium than anything else, but time and again have 
the searchlights proved their great value as an actual aid to 
navigation. With the powerful stream of light from the pilot 
house the helmsman is enabled to pick his way through the ice 
fiels and much time is saved.—“ Electrical World.” 


THREE INDEPENDENT SETS of dynamos and engines are re- 
quired to light H. M. S. /rresistible (the first-class battleship, 
christened at Chatham Dockyard on December 15th, by H. R. 
H. Princess Christian), and to work the electric-motor fans and 
the six powerful search lights with which the ship is fitted. 
Every compartment of the vessel, except in the double bottoms, 
will be lighted by incandescent lamps, and Colomb’s lights are 
fitted for use when the dynamos are not running. The ventila- 
tion will be secured by means of the motor fans. There is also 


to be a complete insulation of electric bells and voice pipes, to- 
gether with a system of loud-speaking telephones in various 
parts of the vessel. There is a steam capstan forward, but the 
after capstan is to be worked by two electric motors, supplied by 
Messrs. Clarke, Chapman and Co., of Gateshead-on-Tyne.— 
“Engineers’ Gazette,” January, 1899. 
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UNITED STATES. 


New Vessels.—The Naval Appropriation Bill for the fiscal 
year ending June 30, 1900, made the following provision for new 
ships under Increase of the Navy: 

That for the purpose of further increasing the naval establish- 
ment of the United States the President is hereby authorized to 
have constructed by contract three seagoing coast line battle 
ships, carrying the heaviest armor and most powerful ordnance 
for vessels of their class upon a trial displacement of about thir- 
teen thousand five hundred tons, to be sheathed and coppered, 
and to have the highest practicable speed and great radius of 
action, and to cost, exclusive of armor and armament, not ex- 
ceeding three million six hundred thousand dollars each; three 
armored cruisers of about twelve thousand tons trial displace- 
ment, carrying the heaviest armor and most powerful ordnance 
for vessels of their class, to be sheathed and coppered, and to have 
the highest practicable speed and great radius of action, and to 
cost, exclusive of armor and armament, not exceeding four mil- 
lion dollars each; and six protected cruisers of about two thou- 
sand five hundred tons trial displacement, to be sheathed and 
coppered, and to have the highest speed compatible with good 
cruising qualities, great radius of action, and to carry the most 
powerful ordnance suited to vessels of their class, and to cost, 
exclusive of armament, not exceeding one million one hundred 
and forty-one thousand eight hundred dollars each; and the con- 
tracts for the construction of each of said vessels shall be awarded 
by the Secretary of the Navy to the lowest best responsible 
bidder, having in view the best results and most expeditious 
delivery ; and not more than two of the seagoing battleships and 
not more than two of the armored cruisers herein provided for 
and not more than two of the protected cruisers herein provided 
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for shall be built in one yard or by one contracting party; and 
in the construction of all said vessels all of the provisions of the 
Act of May fourth, eighteen hundred and ninety-eight, entitled 
“An Act making appropriations for the naval establishment for 
the fiscal year ending June thirtieth, eighteen hundred and ninety- 
nine, and for other purposes,” shall be observed and followed ; 
and subject to the provisions hereinafter made, one and not more 
than one of the aforesaid seagoing battleships, and one and not 
more than one of the aforesaid armored cruisers shall be built 
on or near the coast of the Pacific Ocean or in the waters con- 
necting therewith: Provided, That if it shall appear to the satis- 
faction of the President of the United States, from the biddings 
for such contracts when the same are opened and examined by 
him, said vessels, or either of them, can not be constructed on or 
near the coast of the Pacific Ocean, at a cost not exceeding four 
per centum above the lowest accepted bid for the other battle- 
ships or cruisers provided for in this Act, he shall authorize the 
construction of said vessels, or either of them, elsewhere in the 
United States, subject to the limitations as to cost hereinbefore 
provided. 

Of these, only the six protected cruisers have as yet been 
outlined in plans, and proposals will very soon be invited from 
builders. These six cruisers will be known as the Denver, Des 
Moines, Chattanooga, Galveston, Tacoma and Cleveland, and will 
be about 292 feet long by 43 feet beam. They will have a dis- 
placement of 3,100 tons each and a speed of 164 knots. Their 
bunkers will have a coal capacity of 700 tons, giving a steaming 
radius at 10 knots per hour of about 6,000 knots. The hulls 
will be sheathed and coppered with a view to obviating the ne- 
cessity for frequent docking, especially while on distant foreign 
stations. The principal characteristics as far as yet determined, 
are embraced in the following description of one of this class. 

The vessel will be provided with a water-tight deck extending 
from stem to stern; the sides sloping and joining the vessel’s 
side below the water line. A belt of cellulose of approved type, 
extending the entire length of the vessel at the water line and 
above the water-tight deck, will be provided. 
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The vessel will have a flush upper deck, with hammock berth- 
ing extending from about the fore to the main mast, the extremi- 
ties to be fitted with portable rails to be let down so as to give 
an unobstructed fire to the main battery guns to be mounted on 
the upper deck. 

No wood work is to be incorporated in the hull or fittings 
except such as is indispensable. 

The spar deck only is to -be of wood, and this is to be laid on 
a complete metal deck. 

The lower decks will be covered with linoleum or other ap- 
proved covering. 

All wood work used in the construction of the hull, except the 
underwater external sheathing, is to be fireproofed by a process 
satisfactory to the Department. 

The main battery will consist of ten 5-inch guns of 50 calibers 
in length, mounted as follows: One forward and one aft on the 
midship line on the upper deck, and four. on each side on the 
deck below; the forward pair of guns to train from right ahead 
to 45 degrees abaft the beam; the after pair of guns to train 
right astern to 45 degrees forward of the beam; the four waist 
guns to train 45 degrees forward and abaft the beam. Provision 
must be made for securing all the gun-deck guns in a nearly 
fore-and-aft position, thus leaving an unobstructed side. 

The secondary battery will consist of not less than eight 6- 
pounder R. F. guns; two 1-pounders and four machine guns, so 
disposed as to give a large arc of fire; also one field gun. 

The weight of this battery, with its mounts and accessories, 
will be about 98 tons. - The weight of ammunition to be carried 
will be about 153 tons. 

The propelling engines will be rights-and-lefts placed in sepa- 
rate water-tight compartments. They will be of the vertical, in- 
verted-cylinder, direct-acting, triple-expansion type, each with a 
high-pressure cylinder 18 inches, an intermediate-pressure cylin- 
der 28? inches, and two low-pressure cylinders 354 inches in 
diameter, and stroke of all pistons being 30 inches. ° The col- 
lective indicated horse-power of propelling and circulating-pump 
engines will be 4,500 when the main engines are making about 
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172 revolutions per minute, with a steam pressure of 275 pounds. 
in the boilers, reduced to 250 pounds at high-pressure cylinders, 
The propelling engines will be placed in water-tight compart- 
ments. 

The sequence of the location of the four cylinders from the 
forward part of the vessel will be as follows: First low-pressure, 
high-pressure, intermediate-pressure, second low-pressure. The 
main valves will be of the piston type for the high-pressure and 
intermediate-pressure cylinders, and the low-pressure cylinders 
will have slide valves, all worked by Stephenson link motiom 
with double bar links. 

The valve gears will be made interchangeable as far as practi- 
cable. There will be one piston valve for each high-pressure 
cylinder and two for each intermediate-pressure cylinder, and one 
slide valve for each low-pressure cylinder. Each main piston will 
have one piston rod, with a crosshead working on a slipper guide. 
The framing of the engine will consist of forged-steel columns 
in front and back. The engine bed plates will be cast steel. 
The crank shaft for each engine will be forged in two pieces, the 
shaft for the forward low-pressure and the high-pressure cylin- 
ders forming one piece, and the intermediate-pressure and the 
after low-pressure cylinders forming the other piece. All crank, 
thrust and propeller shafting will be hollow. Any other system 
of balancing the rotating and reciprocating parts will be taken 
into consideration by the Bureau of Steam Engineering. The 
shafts, piston rods, connecting rods, valve rods, eccentric rods 
and working parts generally will be forged nickel-steel. 

There will be a vertical, single-acting air pump working from 
the crosshead of the forward low-pressure cylinder. The main 
circulating pumps will be of the centrifugal type, one for each 
main condenser. The two auxiliary condensers will have about 
450 square feet of cooling surface each, and will have combined 
air and circulating pumps. 

The propellers will be rights-and-lefts, of manganese bronze 
or approved equivalent material. They will turn from the ship, 

There will be six water-tube boilers, aggregating about 4,700 
horse-power, constructed for a working pressure of 275 pounds 
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per square inch. The total grate surface will be at least 300 
square feet, and the total heating surface about 13,200 square 
feet. The boilers will be in two compartments, with fire rooms 
athwartships. There will be two smoke pipes for all the boilers. 

The forced-draft system will consist of three blowers dis- 
charging into air-tight fire rooms. The air for combustion will 
be heated by the hot gases circulating among or through tubes 
arranged in the uptakes or in the upper part of boiler casing, and 
will be conveyed through ducts fitted with dampers to closed ash 
pits. 

There will be steam reversing engines, ash hoists, turning en- 
gine, auxiliary pumps, engine for workshop machinery, evapor- 
ators and distillers, and such other auxiliary or supplementary 
machinery, tools, instruments or apparatus as may be necessary. 

The Bureau has not yet determined which of the leading types 
of water-tube boilers will be fixed upon for the new ships. Three 
plans of batteries are in course of preparation, involving the use 
of the Thornycroft, the Babcock & Wilcox and the Niclausse. 

The following auxiliary machinery, in addition to that pertain- 
ing to the main engines and their dependencies, is to be supplied 
and is to be operated by steam power, viz: 

Steam steering engine. 

Anchor engine, with capstan above. 

Four deck winches, or two combined, giving two hoisting 
drums at each side of the deck. 

Two ash hoists from each fire room—one on each side. 

Dense-air ice machine, of approved type, with capacity of one 
ton per day. 

Engine for running machine tools in general workshop. 

Evaporating and distilling plant in two units, each having a 
capacity of 4,000 gallons per day. 

The following auxiliary machinery is to be supplied and will 
be electrically operated, viz: 

Blowers for hull ventilation. 

Two electric winches for hoisting ammunition. 

The following machine tools of approved make and design will 
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be furnished and installed in the general workshop with proper 
shafting, countershafting, spare parts and tools: 

One screw-cutting gap lathe as large as can be accommodated. 

Two screw-cutting gap lathes of convenient size. 

One drill press for drills up to 1} inches. 

One column shaper about 15 inch stroke X 24 inch traverse. 

One emery grinder, two 12 inch X 2 inch wheels, one wheel 
fitted with surface table. 

One large grindstone. One sensitive drill. 

Six bench vices with pipe holder and other fittings. 


SUMMARY OF PRINCIPAL WEIGHTS—DEPARTMENT’S DESIGN. 


Guns, mounts, shields, etc., about, ; 
Ammunition, ordnance stores and outfit, about, . 
Machinery, complete, about, 

Engineer’s stores, about, 

Fresh water for steaming purposes, 

Total coal, 

Boats and outfits, 

Masts and spars, 


Electric plant and electric outfit, 

Equipment, including anchors, chains, rigging, “i, 
Officers, crew and outfit, 

Miscellaneous and provisions and clothing ners, 


In advertising for proposals the Secretary of the Navy will 
divide the bids into two classes, Class I being as follows : 

For the construction of the hull and machinery of each of said 
vessels, including engines, boilers and their appurtenances and 
spare parts, and for the equipment complete in all respects ex- 
cept as hereinafter stated, and for the installation of ordnance 
outfit in accordance with the plans and specifications errs 
by the Secretary of the Navy. 

Class II of the bids will cover exactly the same eiicial except 
that the plans and specifications, instead of being provided by 
the Secretary of the Navy, will be submitted by the bidder. 

Albany.—The recent launch at the yard of Armstrong, Whit- 
worth & Co., at Elswick, England, of the cruiser A/dany, build- 
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ing for the United States Government, has served to again call 
attention in marine and naval circles to this vessel and her sister 
ship, the Mew Orleans, which has been in commission for some 
time. These are vessels purchased during the late war. There 
is not in the Navy of the United States any other vessels of ex- 
actly similar type, and the armament of these British-built cruis- 
ers is also in the nature of a decided innovation to American 
naval men. 

The Aléany and New Orleans, which are exactly identical in 
almost every particular, are classed as unarmored steel vessels— 
protected cruisers sheathed with wood. They are each 358 feet 
over all, 330 feet on the water line, 43 feet g inches beam, 16 feet 
10 inches depth and of 3,437 tons displacement. Tonnage is 
2,174 gross or 1,224 net, and their 7,500 maximum indicated 
horse-power gives them a speed of 20 knots. The normal coal 
capacity is 700 tons and the bunker capacity 800 tons. The 
maximum draught aft at the lowest point of keel, with the ship 
ready for sea, with bunkers full, is 20 feet 2 inches. 

These vessels have protected steel decks, extending fore and 
aft from stem to stern, and are fitted with fourteen water-tight 
bulkheads extending up to the berth deck. In addition to these 
subdivisions there are double bottoms, minutely subdivided into 
water-tight compartments, and the store rooms and coal bunkers 
below the protected deck are also water tight. The protective 
deck is 1} inches thick on the flat and at the ends, and 3$ inches 
thick on the slopes for the length of the machinery and maga- 
zines, with 4-inch glacis plates around the funnel hatches. 

Interest felt in these cruisers in the United States has been 
especially manifest in the matter of armament, which some naval 
officers have declared is superior to that to be found on any simi- 
lar vessels in our Navy. The main battery consists of six 6 inch 
rapid-fire guns—one on the poop, one on the forecastle and four 
on the broadsides—and four 4.7-inch quick-firing guns on the 
broadsides. The secondary battery consists of ten 6-pounder, 
rapid-fire guns, two under the forecastle, two under the poop, 
two on the forecastle, two on the poop and two on the bulwarks; 
four 1-pounder, rapid-fire guns in the lower tops, four Maxim 
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guns in the upper tops, two 2-pounder field guns and three tor- 
pedo tubes. The field guns are for use in the boats and in land- 
ing. As indicated by the accompanying illustration there are 
two military masts with two tops in each mast. 

The propelling machinery, being built for the A/dany by 
Messrs. Hawthorn, Leslie & Co., Ltd., at their St. Peter’s works, 
consists of two sets of triple-expansion engines, driving twin 
screws, the maximum indicated horse-power being 7,500 at 160 
revolutions per minute. The diameter of the high-pressure cyl- 
inder is 31 inches, intermediate, 46 inches, and the low-pressure, 
70 inches, the stroke of all being 30 inches. The propellers are 
of composition, three-bladed, the blades being separate and se- 
cured to the hub by bolts. The diameter of propellers is 12 
feet, and the pitch 15 feet 9 inches, variable 1 foot in either di- 
rection. The total area of the three blades is 40 square feet. 
The air pumps are worked off the low-pressure crosshead, the 
circulating pump being of the cylindrical type, worked by an 
‘independent engine. There are two main condensers, each having 
a total cooling surface of 4,500 square feet. The air pumps are 
22 inches in diameter by 14 inches stroke. The main engines 
are placed abreast of each other, and are separated by a water- 
tight fore-and-aft bulkhead. In the starboard engine room there 
is an auxiliary condenser, with a centrifugal circulating pump 
and vertical air pump, worked by a common engine, for the use 
of the auxiliary machinery in port. There are four double-ended 
Scotch boilers, each 12 feet 3 inches in diameter and 18 feet long, 
with three furnaces at each end; the boilers being placed in two 
water-tight compartments, with fire rooms at each end. The 
steam pressure is 155 pounds to the square inch. There are 
eight forced-draft blowers for the purpose of supplying air to the 
furnaces when the fire rooms are closed. The total grate surface 
is 468 square feet, and the total heating surface 13,156 square 
feet. There is one main feed and one auxiliary feed pump in 
each boilercompartment. Half of the double bottom under each 
of the boiler compartments is fitted for use as a reserve feed- 
water tank. In each engine room there is one auxiliary pump 
for use on the bilges, fire main and water surface. In addition 
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to the above, the vessel is lighted by electricity, the plant con- 
sisting of three dynamos and engines. There is also a distilling 
plant, with a capacity of about fifty tons per day. There is a 
steam capstan and steam steering engine, and there are ventilat- 
ing blowers and ash hoists. 

Both cruisers, it will be remembered, were purchased from the 
Brazilian Government on March 16, 1898, just at the opening of 
the Spanish-American war. The representatives of the United 
States did not wish to purchase the A/éany for the reason that 
she was not near completion, but Brazil would not sell unless 
both vessels were taken, and this Government was very desirous 
of securing the cruiser which is now the Mew Orleans. The 
latter vessel went into commission two days after the date of 
sale, having been launched on December 4, 1896, and came at 
once to this country, where she was in service throughout the 
war. The Albany, having been launched January 14, will prob- 
ably be ready in a short time for her trial trip. The com- 
plement of each vessel is 24 officers and 383 men.—“ Marine 
Review.” 

Progress on New War Vessels.—Reports concerning the 
progress in construction of new vessels for the United States Navy 
now in hand at various yards, have been compiled for the month 
of April. They show that the battleship Kearsarge is within 10 
per cent. of leaving the builder's hands, and the Kentucky is only 
2 per cent. behind. Both these vessels are being built at New- 
port News, where the ///inois, with 65 per cent. of work done, is 
also under construction. Of the two battleships at the Cramp 
yards the A/adama is within 18 per cent. of completion, and the 
Maine, on which work has just started, has 4 per cent. of work 
done. The Wisconsin, at the Union Iron Works, San Francisco, 
has 67 per cent. to her credit, while the O/zo, at the same yards, 
has not been started. One per cent. of work has been done on 
the Missouri, sister ship of the Ohzo and Maine, at Newport News. ~ 
The sheathed cruiser A/éany, purchased from Brazil, is four- 
fifths completed at the Armstrong yards in England. Work has 
started on three of the four monitors provided for in last year’s 
appropriation bill. Of the sixteen torpedo-boat destroyers re- 
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cently provided for, the Hopkins and the Hull, at the Harlan & 
Hollingsworth Works, Wilmington, Del., are in advance of all 
the others, with only 17 per cent. of work done. The torpedo 
boat Dahlgren, at the Bath Iron Works, Maine, is within 4 per 
cent. of completion. The Craven, at the same place, is next, 
with 92 per cent. The other fifteen torpedo boats range in pro- 
gress from 6 per cent. to 75 per cent., with the exception of three 
on which work has not been begun. The Chesapeake, the sailing 
vsesel for naval cadets, lacks 22 per cent. of being finished, and 
the submarine torpedo boat Plunger, at the Columbian Iron 
Works, Baltimore, shows 85 per cent. of work completed. 


ENGLAND. 


New Vessels.—The four battleships recently ordered under 
the Supplemental Programme are intermediate in size between the 
Formidable and Canopus classes, and have practically the same 
armament as the Formidad/e, but are to have superior speed and 
thinner armor. They are to be known as the Duncan class. 

The following are their principal features: Length between 
perpendiculars, 405 feet; breadth, extreme, 75 feet 6 inches; 
mean draught, 26 feet 6 inches; displacement, 14,000 tons; 
speed (with natural draft), 19 knots; I.H.P., 18,000. Arma- 
ment: Four 12-inch breech-loading guns in two barbettes, 
twelve 6-inch Q.F. in casemates, twelve 12-pounder Q.F., six 3- 
pounders and four torpedo-tubes. 

Stability and buoyancy will be secured by vertical side armor 
7 inches thick extending over a considerable portion of the 
length, and continued in a gradually reduced thickness to the 
bow. 

The barbettes for the 12-inch guns will have 11-inch armor, 
and the casmates for the 6-inch guns, 6-inch armor. 

All armor will be of the latest and most improved quality, 
possessing much greater defensive power in proportion to its 
thickness than armor used in the Majestic class. 

Belleville boilers, with economizers, will be fitted. 

The speed of 19 knots exceeds that of preceding battleships 
in the Royal Navy, and is to be obtained on an eight hours’ 
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trial with natural draft in the stokeholds. For continuous steam- 
ing at sea in smooth water and with clean bottoms it is estimated 
that about 18 knots should be maintained. 

The coal carried will be goo tons at normal draught, and the 
bunker capacity will be 2,000 tons. In these respects the new 
ships are practically indentical with the Majestic and Formidable 
classes. 

First-class Cruisers.—Of the eight vessels belonging to the 
Diadem class which were in hand at the beginning of 1898-99, 
two (the Diadem and Niobe) are in commission ; the Europa has 
been for some time complete and in the Fleet Reserve ; the Az- 
dromeda and Argonaut have completed their trials, and will be 
ready for service by the end of the present financial year. 

The Ariadne has finished her steam trials and will be com- 
pleted at an early date; the Amp/itrite has been delivered by the 
contractors, and her trials will shortly take place. The Spartiate 
is being advanced at Pembroke. All these vessels will be ready 
for service in 1899-1900. 

Six armored cruisers of the Cressy class are building by con- 
tract; two of these have been ordered in 1898-99, as part of the 
new programme of four armored cruisers included in the estimates 
of that year. The difficulties in the supply of materials greatly 
delayed their commencement, but good progress is now being 
made, and there is no reason to doubt that the contract dates for 
delivery will be kept. 

Four large armored cruisers have been ordered recently, of 
which two belong to the original programme for 1898-99, and 
two to the supplemental programme. A general description of 
the designs was given to Parliament, when the latter programme 
was introduced in July, 1898. The type will be known as the 
Drake class. The following are their principal features: Length 
between perpendiculars, 500 feet; breadth, extreme, 71 feet; 
mean draught, 26 feet; displacement, 14,100 tons; speed (with 
natural draft), 23 knots; I.H.P., 30,000. Armament: Two 9.2- 
inch guns with armored shields, sixteen 6-inch Q. F. guns in case- 
mates, fourteen 12-pounder Q. F. guns, three 3-pounders, two 
torpedo tubes. 
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The 9.2-inch and 6-inch guns will be of the latest and most 
powerful types, with armor protection equal to that of the Pow- 
erful class. Buoyancy and stability will be secured by vertical 
side armor, about six inches thick, associated with strong steel 
decks, as in the Canopus and Cressy classes. The bows of the 
new vessels will be more strongly defended. The steel hulls 
will be unsheathed. 

Belleville boilers, with economizers, will be fitted. Twin screws 
will be adopted. The speed of 23 knots is to be maintained for 
eight hours on the contractors’ trials, with natural draft in 
the stokeholds. For continuous steaming at sea in smooth 
water 21 knots should be maintained. The coal-bunker capacity 
will be 2,500 tons, and 1,250 tons are to be carried at the speed 
trials, 

One of these vessels is building at Pembroke, and the remain- 
ing three by contract. 

Two other cruisers were included in the Supplemental Pro- 
gramme. They will be of a new design, and tenders have been 
invited for their construction. Their principal features are as 
follows: Length between perpendiculars, 440 feet; breadth, 
extreme, 66 feet; mean draught, 244 feet; displacement, 9,800 
tons; speed (with natural draft), 23 knots; I.H.P., 22,000. 
Armament: Fourteen 6-inch Q. F. guns (four in turrets, ten in 
casemates), ten 12-pounder Q. F. guns, three 3-pounders, two 
torpedo tubes. 

The 6-inch guns will be of the latest type, and will be pro- 
tected by armor about four inches thick. Vertical side armor of 
the same thickness will be carried over a considerable portion of 
the length, with thinner armor on the bows. Strong protective 
decks will be associated with this side armor. The steel hulls 
will be unsheathed. 

Belleville boilers, with economizers, will be fitted. The speed 
of 23 knots is to be maintained for eight hours on contractors’ 
trials. For smooth-water continuous steaming at sea about 21 
knots should be maintained. The coal-bunker capacity will be 
for 1,600 tons, and 800 tons are to be carried on the speed trial. 
Battleship Glory.—On March 11th Her Majesty’s first-class 
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battleship G/ory was floated from Messrs. Lairds’ shipbuilding 
yard at Birkenhead. Owing to the recent death of Mr. William 
Laird, the ceremony of floating was kept as quiet as possible, 
but a vast concourse of people had assembled to witness it. The 
usual service was read by the Rev. J. W. Hughes-Games, M. A., 
vicar of Birkenhead, and the vessel was christened by Mrs. John 
M. Laird, wife of the senior member of the builders’ firm. 

The Glory is of the Canopus class, designed by Sir William 
H. White, K.C.B., Director of Naval Construction, and as this 
class of vessel is now well known, we will offer only a short de- 
scription. Her dimensions are: Length, 390 feet; breadth, 74 
feet; mean draught, about 26 feet 6 inches ; displacement, 12,900 
tons; freeboard, forward, 22 feet 6 inches, aft, 19 feet; indi- 
cated horse-power, 13,500; speed, about 18} knots; coal stow- 
age, about 2,000 tons. The armor is of Harveyed steel, and 
there is a protective deck from the lower edge of the armor, 
covering the machinery, magazines, and other vital parts. 

The ship is lighted throughout with an installation of about 
750 electric lights, and equipped with six search lights of 30,000 
candle power, each of which is capable of being worked by 
dynamos under protection. The officers and crew are accom- 
modated on the main and belt decks. The upper deck extends 
from stem to stern without a break, and above it is a continuous 
bridge deck extending the whole length between the barbettes ; 
on this deck are the conning towers surmounted by navigating 
bridges (which will be about 36 feet above water) and the chart- 
house. The masts, two in number, are built of steel, fitted with 
military and signalling tops, and are already in place and com- 
plete with their derricks for hoisting boats, etc. 

The armament of the G/ory will consist of four 12-inch 46-ton 
guns, mounted in barbettes, in pairs, and firing a projectile weigh- 
ing 850 pounds, with a powder charge of 148 pounds. There 
are forty-three quick-firing guns in all, twelve 6-inch on the main 
and upper decks, mounted in casemates protected by 6-inch 
armor; twelve 12-pounders, six 3-pounder quick-firing, eight 
small machine guns, and five field guns. There are also four 
submerged torpedo tubes for 18-inch torpedoes. 
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The main propelling machinery, constructed at the Birken- 
head Iron Works, consists of two sets of engines of the triple- 
expansion inverted type of the latest design. Each set is placed 
in a separate engine room. The cylinders are: High pressure, 
30 inches; intermediate pressure, 49 inches, and low pressure, 
80 inches in diameter respectively, with a stroke of 51 inches. 
The boilers, twenty in number, are of the Belleville type (with 
economizers), working at a pressure of 300 pounds, and are placed 
in three water-tight compartments. 

The G/ory illustrates the advantage of building these large 
battleships in dock in preference to building them on a slip and 
launching them, as she floated out with all her citadel and case- 
mate armor, and most of the barbette armor in place ; indeed, all 
the armor plating would have been completed had it not been 
for the press of work in Sheffield rendering it impossible for 
armor-plate manufacturers to make delivery as early as required. 
A considerable portion of the boilers is on board. The whole 
of the auxiliary machinery is in place, and the pipes and con- 
nections are being fitted. The main engines are erected on 
board, with the exception of the cylinders, so that the vessel, as 
floated out from the building dock, is in a far more advanced 
state than would have been the case had she been launched in 
the ordinary way, her displacement on floating out being ap- 
proximately 9,000 tons. This feature is brought into promi- 
nence at the present time, as Her Majesty’s ship /mplacadle, of 
14,900 tons displacement, for which the machinery of 15,000 
horse-power is also being built by Messrs. Laird Brothers, was 
launched from Devonport on Saturday last, her weight being 
about 4,500 tons. It is expected that the Glory will be ready to 
hoist her pennant within six months, but the /mplacadle is not 
expected to be ready for commission for about fifteen months. 
The Glory will have a complement of 750 men. 

Implacable.—The first-class battleship /mp/acadle was launch- 
ed at Devonport on March 11th. She is of the same type as the 
Formidable, which was launched at Portsmouth in November 
last, and the /rresistible, launched at Chatham in December. 
Her principal dimensions are as follows: Length between per- 
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pendiculars, 400 feet; beam, 75 feet; load draught, 26 feet 3 
inches forward, 27 feet 3 inches aft; load displacement, 15,000 
tons. The side armor will consist of Harveyized steel g inches 
thick, joined by two armor bulkheads, thus forming a complete 
belt round the vital portions of the ship. There will be two pro- 
tective decks, one being on the turtle-back principle, which will 
start from the lower edge of the armor belt. The main arma- 
ment will consist of four 12-inch wire guns of anew and improved 
type, mounted in pairs in two barbettes protected by 12-inch 
armor. There will also be twelve 6-inch Q. F. guns of a new 
type, mounted in casemates protected by 6-inch armor ; besides, 
sixteen 12-pounder Q. F. guns, six 3-pounder Hotchkiss Q. F. 
guns, and eight Maxim guns. The vessel will be fitted with 
four submerged torpedo tubes 18 inches in diameter. Her en- 
gines, which are being made by Messrs. Laird Bros., of Birken- 
head, are of the triple-expansion type, and will develop 15,000 
horse-power, and there will be twenty water-tube boilers on the 
Belleville principle. When in commission she will have a total 
complement of 773 officers and men. 

English Torpedo Boat Trials.—The London correspondent 
of the “Glasgow Herald” furnishes some interesting results of 
trials of torpedo-boat destroyers during the year 1898, andin open- 
ing his article briefly notes the extent of the progress made with 
the fleet of boats ordered. There were, he says, forty-two in the 
first fleet of 27-knot boats, and three of these, by White, of Cowes, 
passed through their trial with about a tenth of a knot to spare, al- 
though the power was somewhat abnormal, between 4,800 and 
5,070 indicated horse-power. Two, built at Paisley, have yet to 
pass through the ordeal—they are being fitted with water-tube 
boilers; and the others have had long periods of commission, 
and have done well, although water-tube boilers have had to be 
ordered for some of the first, which had locomotive boilers. Fifty- 
four faster vessels were ordered, including four of 32 knots or 
more, the Arad from Clydebank, the A/adairess from Thornycroft, 
the Express from Laird, and the Viper from Fairfield. The other 
fifty were to steam 30 knots, and of these fifteen have passed 
through their trial during the year just closed, fourteen succeeded 
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the previous year, and there remain twenty-one of the 30-knot 
and the four faster boats still to try, of which five have not yet 
been launched. Last year Laird, Fairfield and Palmer each 
passed three through theirruns. Vickers, of Barrow-in-Furness, 
Doxford, of Sunderland, and Thornycroft, of London, have each 
succeeded in the trials of two boats. The power necessary has 
varied very much. The lowest was with one of Thornycroft’s 
boats, 5,892 indicated horse-power, which gave almost the high- 
est speed got, 30.4 knots; while Vickers, with the Avon, about 
equaled this with 5,986 indicated horse-power and 30} knots, 
. the sister boats from the Barrow works doing 30.35 knots for 
9,412 indicated horse-power. 

The highest power was registered in one of Lairds’ boats, 
which developed 7,090 indicated horse-power, and only got a 
small fraction over 30 knots. Another of the same builders’ 
boats registered 6,848 indicated horse-power for 30.16 knots; 
but a third made 30} knots for 6,146 indicated horse-power. 
Thornycroft’s powers are low; the others, with one or two ex- 
ceptions, range about 6,000 indicated horse-power upwards. The 
highest speed last year was with the Aeria/, Thornycroft’s boat, 
30.6 knots; next Palmer’s Flying’ Fish, 30.48 knots; Palmer’s 
Fawn, 30.46 knots; Thornycroft’s Angler, 30.40 knots ; Barrow’s 
Bittern, 30.35 knots; Fairfield’s Osprey, 30.31 knots; Lairds’ 
Wolf, 30.26 knots; Vicker’s Avon, 30.25 knots, and Fairfield’s 
Gipsy and Fairy, 30.20 knots, As to coal consumption, the lowest 
return was in the case of the Aeria/, 2.02 pounds; but this was 
exceptional, and, moreover, extreme accuracy in this respect 
under the trying conditions is difficult of attainment. As a rule, 
the slightest fraction under the stipulated 2} pounds is satisfac- 
tory, and in one or two cases it was more, necessitating an extra 
load, which placed some of the ships at a slight disadvantage as 
to speed. Two of the 32-knot boats have had frequent prelimi- 
nary trials, but none have pulled off their speed. The A/batross 
has done 31} with 7,500 indicated horse-power, and it is hoped 
32 knots will be got ; but it will probably need more than the 
assumed 8,000 indicated horse-power, which means a piston 
speed of 1,340 feet per minute, with over 4,000 revolutions per 
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minute. Meanwhile Yarrow has passed through a preliminary 
trial the first of his Japanese boats, and got 31 knots for a trifle 
over 6,000 indicated horse-power. 

The French Shipbuilding Programme.—The vessels of all 
classes to be completed, carried forward, or begun in 1899 num- 
ber 108, and include seven battleships, thirteen armored cruisers, 
and eight protected cruisers. Practically seventeen vessels on 
the list are already out of hand, or will be before the close of 
1899—the battleships Charlemagne and Gau/ois, the first-class 
cruiser Guichen, the second-class cruiser Protet, the despatch 
vessel Kersaint, the torpedo-boat destroyers Dunois and Duran- 
dal, the seagoing boat Cyc/one, and nine first-class boats. Of the 
ninety-one other vessels, sixty three were in hand on Decem- 
ber 31, 1898, and during 1899 the following will be completed: 
The battleship Saint Louis (April), the armored cruiser D’Extre- 
casteaux (now actually completing her trials), the first-class cruiser 
Chateaurenault, the third-class cruisers D’Estrées and Supernet, 
the torpedo-boat destroyers Hadllebarde, La Hire, Fauconneau, Es- 
pingole, Pique, Epie, Framée and Yatagan, the gunboat Decidée, 
the submarine boat Morse, seventeen first-class torpedo boats and 
six vedettee boats for the transport Foudre. The vessels to be 
finished in 1900 are the battleships Hexry /V and J/éna, the first- 
class cruiser /Jurien de la Gravitre, the gunboat Zé/ée, the sub- 
marine boat Marval and the sea-going torpedo boats Siroco, 
Mistral, Simoun, Typhon, Trombe and Audacieux ; in 1901 the 
battleship Suffren, the armored cruisers Jeanne a’ Arc, Gueydon, 
Dupetit-Thouars, Montcalm, Desaix and Kleber, the transport Vau- 
clause (long at a standstill), and torpedo boat Vo. 242 (Saigon) ; 
in 1902 the armored cruisers Condé, Gloire, Dupleix and Sully, and 
torpedo boat Wo. 244 (Saigon). In addition to these, the ships 
proposed to be laid down in 1899, are twenty-eight in number, 
as follows: One first-class battleship A 8, two first-class armored 
cruisers, C 9 and Co; two dispatch-cruisers (crotseurs estafettes) 
H gand H 5; two torpedo-boat destroyers, M8 and M9; four 
squadron torpedo boats, V 78 to N 27 ; eleven first-class torpedo 
boats, P64 to P 74, and six submarine boats, Q 5 to Q zo. The 
date’ of completion of these twenty-eight vessels is not yet settled, 
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except the two torpedo-boat destroyers, which are to be finished 
by 1902. The following vessels are to be constructed at the 
various dockyards: 

At Brest.—Battleships A 8,armored cruiser C 9 and submarine 
boats Q 6 and Q7. 

At Rochefort——Cruiser-dispatch vessel H and submarine 
boats Q 9 and Q zo. 

At Cherbourg.—Submarine boat Q 5. 

Lorient.—Submarine boat Q 8. 

The remaining vessels are to be built at private yards. 

The plans of the new battleship A 8 are not yet completed and 
no fixed sum appears in the estimates for her. 

The armored cruisers C g and C zo are to be of the Gloire 
type, having a displacement of 10,014 tons, a length of 448 feet 
6 inches, with a beam of 60 feet; there will be three screws; the 
engines are to develop 20,500 I.H.P., giving a speed under forced 
draft of 21 knots; at this speed with a coal supply of 1,500 
tons, they will have a radius of action of 1,940 miles, and of 
10,400 miles at 10 knots speed. The armament will consist of 
two 19.4-centimeter (7.6-inch) guns, eight 16.4-centimeter (6.3- 
inch) Q.F. and six 10.1-centimeter (3.9-inch) Q.F. guns, with 
eighteen 3-pounders, six 1-pounders, and two machine guns; 
there will also be four torpedo discharges, two being submerged. 
The cost of C 9 will be 21,715,641 francs, and of C zo (to be built 
by contract) 23,573,500 francs. 

The two cruiser dispatch vessels, which are of quite a new 
type, will be of the following dimensions: Length, 390 feet; 
beam, 42 feet 3 inches, with a displacement of over 4,000 tons. 
The engines are to develop 15,000 I.H.P., giving a speed of 23 
knots, steam being supplied by water-tube boilers. The radius 
of action will be 8,000 miles at 10 knots, and 1,330 miles at 
full speed. Their armament will consist of eight 10-centimeter 
(3.9-inch) guns, twelve 3-pounder Q. F. guns, and four I-pounder 
Q.F. guns, with four torpedo discharges, two being submerged. 
The cost of 7 g (to be built in the dockyard) will be 8,766,468 
francs; that of H 5 (to be built by contract) 8,731,518 francs. 

The six submarine boats will be of the Marval type, at pres- 
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ent under construction at Cherbourg. They will have a dis- 
placement of 106 tons, with a length of 110 feet 6 inches, and a 
beam of 11 feet 3inches. They will be driven by a single screw, 
the engines developing 217 horse-power, steam being provided 
by water-tube boilers; the speed is to be 12 knots. They will 
have four torpedo tubes. Their crew will consist of two officers 
and nine men, and each boat will cost 648,050 francs. 

Fifteen battle and coast-defense ships in the French Navy are 
undergoing radical changes in their refits, which consists in tak- 
ing out the ordinary marine boilers and replacing them with 
water-tube boilers, and substituting guns of smallér caliber but 
greater power. The secondary batteries are likewise improved, 
gun positions altered and superstructure reduced. The sum of 
$5,299,543 has been voted for this purpose, to be expended by 
the year 1900, up to which time the following ships will have 
been modernized as far as possible: Formidable, Courbet, Re- 
doubtable, Admiral Baudin, Hoche, Marceau, Devastation, Nep- 
tune, Admiral Duperre, Magenta, Caiman, Requin, Terrible, In- 
domptable and Furieux. The Admiral Baudin will have 12-inch 


guns in turrets, instead of, as at present, fourteen 6-inch in 
barbette. 


GERMANY. 


Torpedo Boat.—Another claimant for the honors of the fast- 
est vessel afloat has appeared in the famous German builder, F. 
Schichau, of Elbing, who has turned out a torpedo-boat destroyer 
with the astounding rate of speed of 35.2 knots. An account of 
this boat is here reproduced from our German contemporary 
“Ueberall.” In land miles the speed is equivalent to 40.55 
miles an hour, or little less than many limited railroad trains. 
A translation of the article reads: 

“Since the appearance of the first torpedo boats, twenty years 
ago, the speed of this type of boat has been increased the rate of 
about a knot a year. The first small English torpedo boats did 
not make more than 15 knots, and to-day the latest torpedo- 
boat destroyers built in Germany have reached a speed of 35.2 
knots. The foreign-built boats of the same class built in 1898, 
on the contrary, have barely exceeded 30 knots on their trial 
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trips, with the exception of the English trial torpedo boat Zur- 
dinia, built last year, which is said to have reached a speed of 
32.75 knots. This boat is equipped with three steam turbines, 
each of which drives a shaft with three propellers, making a total 
of nine propellers. This great number of propellers is rather 
cumbersome, but the greatest disadvantage of the 7urdinza lies 
in the fact of her inability to make any speed going astern. 

“The new torpedo-boat destroyer belongs to a series of four 
boats built for the Chinese Navy by F. Schichau, of Elbing, last 
summer. Each boat has twin triple-expansion engines, each 
driving one propeller. Fully equipped, and with 67 tons of coal 
on board, these Schichau torpedo-boat destroyers made a speed 
of 33.6 knots, which is one knot faster than the 7urdinia when 
the latter was light, and the Schichau boats ran 35.2 knots when 
light, exceeding the speed of the Zurdinia by 2} knots. The 
speed of 35.2 knots per hour represents a speed of 65.2 kilometers, 
and on the continent there are in Germany only eighteen, in 
Austria and France three each, and in Belgium only one express 
train which exceed this speed. 

“ The latest results have demonstrated that the German builders 
have at last succeeded in outstripping all foreign competition in 
the construction of these speedy boats.” 

It will be some consolation to the navies of the civilized powers 
that these boats are for China. With Chinese crews and Chinese 
methods it is doubtful if the trial speeds will be attained in actual 
service.—" Marine Engineering,” March, 1899. 


JAPAN. 


Asama.—The Japanese belted cruiser Asama left the Tyne 
on the 7th of February, and after running a short time at easy 
speed, with only four boilers in use, she anchored in about 
twenty fathoms of water, four miles off the coast, in order to 
test the working of those anchors and cables which had not been 
used during her recent trip to dock at Chatham. The gear worked 
satisfactorily. On the 8th of February the weather was hazy 
over the land and the towers marking the measured course were 
obscured, but the cruiser ran to sea for six hours at full power 
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of natural draft, with open stokeholds. The horse-power de- 
veloped was rather over 13,000, giving 140 to 142 revolutions per 
minute, and a speed by log averaging 20.37 knots. The forced- 
draft trials were delayed by thick weather and strong winds till 
February 11th, when, with a moderate sea but a strong beam 
wind off the land, the engines worked up to 19,000 horse-power, 
with 158 revolutions and a mean speed for the vessel of 22.07 
knots. The engines, manufactured by Messrs. Humphrys and 
Tennant, worked absolutely smoothly. The Asama is the twelfth 
vessel the Japanese possess built at Elswick, but these were not 
all purchased. There are many points in her of considerable 
interest. Both engines are supplied with steam from cylindrical 
boilers placed back to back and stoked from the wings, and they 
give 13,000 horse-power without forced draft, and 18,000 with 
two inches of air pressure. The guaranteed speeds are 20 knots 
at the lower and 21} at the higher power, but these speeds were 
exceeded in practice. The boilers are worked at 150 pounds 
pressure, and the engines have a comparative short stroke so as 
to keep the whole of the cylinders below the armored deck, 
which is two inches thick, and extends to the ends of the ship. 
The propellers work outwards, and vibration is small at all speeds. 
The high and intermediate cranks are set at an angle of 170 de- 
grees, the two low-pressure cylinder pistons having cranks at the 
same angle, one from the other, but the mean line of the latter 
is at right angles to the mean line of the high and intermediate 
cranks. The vessel’s coal stowage is 700 tons normal and 1,450 
tons can be carried, all in bunkers, and this larger quantity may 
be considerably increased by temporary means without impair- 
ing the seagoing qualities of the vessel. 

Her armament includes four 8-inch quick-firing guns, mount- 
ed by pairs, one pair forward and one aft, in gun houses of 6- 
inch Harveyed steel, with an inner skin of an additional inch, 
and a flat cover, 1 inch thick, with three sighting cowls rising 
about a foot above the cover. The ammunition lifts open di- 
rectly into the turrets. The guns in the forward turret are 25 
feet above the water line, and the after guns 24 feet. There are 
fourteen 6-inch quick-firing guns, disposed as follows: Ten are 
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in casements of 6-inch Harveyed steel, two on either side for- 
ward and two on either side aft, in pairs over one another, with 
one more gun on either side of the main deck, each in an iso- 
lated casemate. The remaining four are behind shields, as up- 
per-deck mountings. The lower tier of sponsoned guns is 12 
feet above the water line, the upper about 20 feet. In addition 
to the above, twelve 12-pounders, and seven 14-pounders, avail- 
able for boat or land service, are in various parts of the ship. 
During the gun trials both pairs of the 8-inch guns were fired 
directly either ahead or astern with 5 degrees elevation and no 
injury was done. The four 6-inch guns forward were fired simulta- 
neously and also those aft, the boats, woodwork and other fittings 
of the vessel being uninjured. All guns were fired with full 
charges. The defensive armor, including the armored decks, is 
stated to weigh 2,100 tons, and is thus disposed: A belt of 7- 
inch Harveyed steel, 7 feet deep, is along the water line, 2 feet 
above it and 5 feet below; this belt tapers to 34 inches at the 
ends of the vessel. Above the 7-inch belt is another of 5 inches 
thickness, which reaches beyond the turrets at either end, and is 
then bent inwards and across, forming complete athwartship 
bulkheads, protecting the bases of the turrets and generally 
shielding the vessel against raking projectiles; a belt of 6-inch 
plating, which extends 25 feet aft from the stem on either side, 
protects the bow torpedo tube. 

The Asama is supplied with four under-water torpedo tubes 
in addition to the one above water forward, and all are intended 
for torpedoes of 18-inch caliber. The main deck is in two thick- 
nesses, each of }-inch steel, and the ammunition lifts, where 
they rise above the belts, are circular tubes of 3-inch steel. The 
upper deck is covered with teak, and this is practically the only 
woodwork that cannot be disposed of in case of action or fire. 
The fire main is completely under the armored deck, and has 
risers at intervals, each with its own valve, so the accidents which 
occurred in the Spanish ships at Santiago, from the destruction 
of their fire mains, are guarded against. The bulkheads are of 
steel, and the doors and cabin fittings alone are of wood. A flat, 
2-inch steel plate runs horizontally forward to strengthen the 


. 
5 
' 
= 
t 


530 SHIPS. 


lower portion of the ram, whose upper side is adequately strong 
from the support afforded by the continuance of the armored deck 
right up to the stem. Her length is 408 feet, with 67 feet beam, 
and a mean draught of 24 feet 8 inches, with the normal supply 
of coal on board. At this draught it takes 40 tons to sink her 
one inch.—“ Engineering,” February, 1899. 


PORTUGAL. 


Don Carlos I.—The Portuguese cruiser Dox Carlos J, which 
has been constructed by Sir W. G. Armstrong, Whitworth and 
Co., Limited, has completed her official trials. This vessel is 
360 feet long, 46 feet broad, 17 feet 6 inches mean draught and 
of 4,100 tons displacement. Her armament consists of four 15- 
centimeter guns, eight 12-centimeter guns, twelve 47-millimeter 
guns, six 37-millimeter guns, four mitrailleuses and five torpedo 
guns, and she has an armored deck with sloping sides of 4-inch 
armor. An interesting feature in connection with this vessel is 
that steam is provided by twelve Yarrow boilers; and at her 
steam trials an exceedingly good performance was obtained. 

- For six hours with 4 inch of air pressure about 8,000 horse- 

power was developed and a mean speed of 20.64 knots obtained ; 

and during her forced-draft trial, with a pressure not exceeding 

2 inches, a power of 12,690 horses was realized and a mean speed 

of 22.15 knots was obtained in a considerable sea and half a gale 

of wind. It was recognized that with a smooth sea and no wind 
the vessel could easily have steamed 22} knots. The gunnery 
trials passed off without a hitch of any kind.—“ Engineering.” 


RUSSIA. 


New Ships.—The following are the particulars of the twin- 
screw cruiser ordered at the Forges et Chantiers de la Méditer- 
ranée, at La Seyne, near Tulon: Displacement, 7,8co tons; ex- 
treme between perpendiculars, 445 feet; extreme beam, 57.1 
feet; and draught amidships, 22.1 feet. The hull is being con- 
structed at the yard at La Seyne, the engines at Marseilles, 
and the boilers at St. Denis, at the works of Messrs. Delaunay, 
Belleville & Co. When ready, besides a six hours’ trial at 14 
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knots, she will have a twenty-four-hour continuous trial at full 
power of her engines, when a speed of 21 knots is to be main- 
tained. The expenditure of coal at 14 knots is to be only 1 
kilogramme, and at 21 knots 1.15 kilogrammes. If the speed 
bargained for is not attained, the company will be liable to a 
fine of 10,000 francs for every tenth of a knot deficient under 
21 knots, and the Government have the right of refusal, if the 
speed falls below 20 knots. The whole cost is to be 16,500,000 
francs. There is to be an armor belt of 200 millimeters (8 
inches) tapering to 100 millimeters (4 inches) in thickness, 
while the thickness of armor on the turrets will be 200 milli- 
meters (8 inches). The electricity will be furnished by nine dy- 
namos in three groups, each developing 80,000 watts at 100 volts, 
and will be used for working the turrets, the ammunition hoists, 
steering apparatus and pumps. There are two vertical triple-ex- 
pansion engines giving at 140 revolutions a total of some 16,- 
500 I.H.P. There will be an 8-inch gun in each of the two tur- 
rets, one forward and one aft, and in the casemates and battery 
deck eight 6-inch and twenty 3-inch Q. F. guns, besides ma- 
chine guns and torpedo tubes. The bulkheads of the cabins 
are to be of steel, and all fittings of metal. 

A battleship of 12,900 tons is also being built for the Russian 
Government at the same yard, of which the following are the chief 
dimensions: Length between perpendiculars, 388 feet 9 inches; 
extreme beam with armor, 75 feet 54 inches; depth, 47 feet 11 
inches; draught (on even keel), 26 feet ; I-H.P., 16,300. Normal 
coal supply, 800 tons; entire capacity of bunkers, 1,350 tons. 
She is to be built to make 18 knots for 12 hours on end, the con- 
tractors being liable to a fine of 20,000 francs for every tenth of 
a knot deficient. Expenditure of coal at 12 knots, 1 kilogramme, 
and at 18 knots, 1.15 kilogrammes. Armament: Four 12-inch 
guns in pairs in turrets, twelve 6-inch Q. F. guns in pairs in broad- 
side turrets, twenty 75-millimeter Q. F. guns (12-pdrs.) on the 
gun and upper decks, twenty-eight Q. F. guns of small cali- 
ber, and four torpedo tubes above the water line. She is to cost, 
with her armament and all complete, 30,282,000 francs. Elec- 
tricity will be used for revolving the 12-inch and 6-inch gun tur- 
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rets. She is to be built after the model of the French /aurégui- 
berry,and to have two principal engines with triple expansion. 

As regards the cruisers ordered in Germany, the one ordered 
at Elbing, with an armored deck, has an extreme length of 347 
feet 10 inches, and extreme beam of 40 feet, and is to have a 
guaranteed speed of 25 knots. She is to have three triple-ex- 
pansion engines, supplied with steam from twelve Schichau 
boilers in three groups and three funnels. The armored deck is 
to reach 1.3 meters below the water line, the plates of the curved 
part being 50 millimeters, and of the horizontal 30 millimeters. 
She is to cost, without armament, 2,870,000 roubles, and to be 
ready in September, 1900. 

The cruiser ordered at the Germania Works is to have a — 
of 23 knots, and to be ready in July, 1900. At the Vulcan 
Works, near Stettin, a 23-knot cruiser has also been ordered, to 
be ready in August, 1900. The plans are still, however, under 
consideration. 

Of the four torpedo vessels christened A7zt, Skat, Delphin and 
Kasatka, which are in course of construction at the Schichau 
Works at Elbing, one is to be ready by the Ist January, 1900, 
and the other about June in the same year. Their dimensions 
are as follows: Length, 200 feet 2 inches; beam 23 feet, and 
draught (at stern post), 11 feet 9? inches; displacement, 350 tons. 
They will all have twelve water-tight bulkheads on the upper 
deck, and their hulls will be built of sheet steel with a zinc coat- 
ing, varying in thickness from 7 to 4} millimeters, the steel to 
have a resisting power of from 35 to 40 tons to the square inch 
(English), and an elasticity of not less than 15 per cent. They 
will be twin-screw vessels, with triple-expansion engines, sup- 
plied with steam from four Schichau boilers, at 16 atmospheres 
(240 pounds) working pressure of steam. They are to have two 
funnels, and an estimated speed of 27 knots, and to cost 472,000 
roubles, without armament. 

The 350-ton torpedo vessel Som, ordered at Laird’s Works at 
Birkenhead, has the following dimensions : Length between per- 
pendiculars, 213 feet; beam amidships, 21} feet,and mean draught, 
12} feet. Thespeed contracted for is 27 knots with full displace- 
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ment (370 tons). The two triple-expansion engines, of 6,000 
1.H.P., will be supplied with steam by four water-tube boilers of 
the Laird type, a novelty in the Russian Navy. The heating 
surface is estimated at two square feet to each unit of horse- 
power. The vessel is to be ready by the 4th of October of this 
year, and to cost £52,000. Her radius of action at 15 knots, 
with a coal supply of 80 tons, is estimated at 3,500 miles, and 
she is to have nine water-tight bulkheads, and the bow, for 
greater stability, is to be built with a great bulge. 

The following ships, which are in process of construction at 
the yards named, have, by a rescript of the 21st December, 1898, 
been included in the Navy List and christened : 

Battleships.— Pobieda, building at the Baltic Works. Retvizan, 
building at Philadelphia, at the Cramp Works. Tsesarévich, 
building at the Forges et Chantiers de la Méditerranée, La 
Seyne, near Toulon. 

Cruisers.— Bayan, building at La Seyne, near Toulon. Variag, 
building at Cramp Works, Philadelphia. Bogatyr, at Vulcan 
Works at Stettin. Askold, at Germania Works at Kiel. Novik, 
at the Schichau Works at Elbing. 

Data of the New Russian Warships.—The “ Kronstadtski 
Vestnik” gives the following particulars of some of the new Rus- 
sian warships recently ordered by the Tsar to be named and placed 
on the Russian Navy List: Movik, cruiser—builder, Schichau, 
of Elbing; length between perpendiculars, 347 feet 10 inches ; 
greatest beam, 40 feet; speed, not less than 25 knots; coal con- 
sumption, 1} kilogrammes per indicated horse-power; engines, 
triple-expansion ; 12 boilers, Schichau system, and three fun- 
nels; armor to extend 1.3 meters below the water line, thickness 
where sloping, 50 millimeters, where perpendicular, 30 millime- 
meters ; cost without armament, 2,870,000 roubles; to be com- 
pleted September, 1900. Askold and Bogatyr, cruisers—speed, 
23 knots ; to be completed respectively July and August, 1900. 
Tsarevitch, battleship—to be built at the Forges et Chantiers de 
la Méditerranée; length between perpéndiculars, 388 feet 9 
inches; greatest beam, 75 feet 54 inches; depth in hold, 47 feet 
10} inches; draught on even keel, 26 feet; displacement, 12,900 
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tons; engines, two triple-expansion, of 16,300 indicated horse- 
power ; boilers, Belleville; normal coal supply, 800 tons, maxi- 
mum, 1,350 tons; greatest distance without replenishing bunk- 
ers, 5,500 miles at ten knots with total indicated horse-power of 
2,500, using 0.8 kilogramme of coal per indicated horse-power ; 
maximum speed, not less than 18 knots, using 1.5 kilogrammes 
per indicated horse-power; armament, four 12-inch guns, two in 
each turret fore and aft; twelve 6-inch guns, two in each side 
turret; twenty 7.5 centimeter guns in the battery and on the 
upper deck; twenty-eight small quick-firing guns; four torpedo 
apparatus above water; electricity will be used to turn the tur- 
rets and for steering gear, etc.; there will be six searchlights and 
1,200 glow lamps; cost, including armament, 30,280,000 francs, 
or about £1,200,000 sterling. 

Retvisan, battleship—builder, Cramp, of Philadelphia; length 
between perpendiculars, 368 feet ; greatest beam, 72 feet 2} inches; 
draught, not more than 26 feet ; displacement, 12,700 tons ; normal 
coal supply, 1,016 tons, maximum, 2,000 tons; engines, two triple- 
expansion, driving twin-screws; maximum speed not less than 
18 knots, using 2 pounds of coal per indicated horse-power ; 
greatest distance at this rate, 3,000 miles; greatest distance at 10 
knots, using 1.7 pounds of coal per indicated horse-power, 8,350 
miles; armament, four 12-inch guns, twelve 6-inch guns, twenty 
7.5-centimeter guns, 28 quick-firing guns, five torpedo tubes un- 
der water and one torpedo apparatus above water; armor belt, 
6 inches and g inches, round the turrets, lo inches. She will be 
similar in design to the United States battleship /owa, and is to 
be completed within thirty months from the receipt of the order. 
Pobieda (Victory) battleship—displacement, 11,362 tons; length 
at the load line, 425 feet; extreme beam, 71 feet; draught on an 
even keel, 26 feet. She is a sister ship to the Os/adia and the 
Peresviet, and took the place on the stocks at St. Petersburg va- 
cated by the latter. She will not stand so high out of the water 
as the two other vessels, and there will be one or two other minor 
differences. This is the third ship of the name which has appeared 
in the Russian Navy; the second assisted the English squadron 
to blockade the coast of Holland in 1798.—‘ Engineering.” 
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The U. S. Merchant Marine.—We have now employed in 
our foreign trade 294,064 tons of steamers and 443,645 tons of 
sailing vessels, of a value of $26,276,964 and $14,480,593 re- 
spectively, or a total of $40,757,557. In 1898 these were the 
vessels that carried 9.3 per cent. of ourimports and exports. In 
1892 Capt. William W. Bates, who had shortly before retired 
from the office of United States Commissioner of Navigation, 
published an exhaustive work on “American Marine,” which is 
devoted almost altogether to the rise and decline of our shipping 
in the foreign trade. He calculates the tonnage required for the 
carriage of our foreign commerce in 1891, and arrives at the fol- 
lowing: 

“An estimate of our shipping necessities for the present year 
may be fixed at 1,200,000 tons of sail, and 3,000,000 of steam. 
To increase the shipping we now have in the foreign trade to 
this amount would require an outlay of $300,000,000. Under 
due protection, with this preparation made, we might command 
a business of $2,000,000,000, a vanishing fraction of which is now 
barely possible of attainment.” 

In that year 30 per cent. of the entries at our ports were sail 
vessels, while to-day only 20 per cent. is of sail. Moreover, the 
tonnage our foreign commerce employs has increased by one- 
third since 1891. It is conceded that a steam vessel is able to 
carry, in a year, three times as much as a sail vessel of identical 
size. If, therfore, we add but 100,000 tons to the sail vessel es- 
timate to meet the increased need since Capt. Bates wrote, we 
shall probably concede at least all of that type, and more, that is 
likely to be built; and if we reduce the remaining 300,000 tons 
of sail to make up the one-third of increase since 1891 to 100,000 
tons of steam—the equivalent of 300,000 tons of sail—and add 
one-third to the steam tonnage estimated by Capt. Bates, our 
shipping necessities to-day would be as follows: 
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Tons. 
Sail vessels, . 1,300,000 


Steam vessels, . ; . 4,100,000 


Deducting from the above the tonnage under our flag in the 
foreign trade we would require the following additional tonnage, 
if American ships wholly superseded all foreign ships in our 
foreign trade: 


Sail vessels, . 856,355 
Steam vessels, . . 3,805,936 


Total, ‘ . 4,062,291 


As a matter of fact, existing American shipyards could not 
construct that tonnage within twenty years, at which time our 
shipping necessities would probably have again doubled. But 
there is nothing, except the demand for ships, to prevent enor- 
mous increases in our shipbuilding facilities. 

The census report of the average value of the steam and sail 
vessels engaged in carrying passengers and freight, above re- 
ferred to as the basis for our computations and comparison, 
places the value of our steam vessels on the Atlantic and Gulf 
at a fraction less than $76 per ton and sail vessels in that trade 
at a fraction under $31 a ton. The values on the Pacific coast are 
much higher, but these we exclude from our comparisons in order 
to be conservative. We also have assumed for comparison pur- 
poses, and to be fair, that there has been a reduction of about 12 
per cent. in the cost of vessels, wherefore we place the probable 
cost of new steam tonnage at $67 and of sail at $27 per ton. To 
supply the additional tonnage that would be necessary to carry 
all of our foreign commerce under our own flag would involve 
the following expenditures in American shipyards : 


856,355 tons of sail vessels at $27 per ton, . . $22,121,585 
3,805,936 tons of steam vessels at $67 perton, . 254,997,712 


4,062,291 tons of sail and steam vessels, . . . $277,119,307 
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American labor would, from the mine and forest to the finished 
ship and through all the processes to which the raw material 
would be subjected, receive about 95 per cent. of that vast sum, 
if the ships our foreign commerce employs were built in the 
United States. But that sum we are now paying to foreign ship- 
owners who, in turn, expend it in the employment of aliens in 
foreign shipyards and on board foreign ships.—* Marine Record.” 

S. S. Nantucket.—This steamer was launched March 16, at 
the works of the Harlan & Hollingsworth Co. She was built 
for the Merchants’ and Miners’ Transportation Co., of Baltimore, 
being the eleventh vessel built forthis company. The Nantucket 
is 294 feet long, 42 feet beam, and 34 feet depth of hold. En- 
gine, triple compound with inverted cylinders, 28 inches diam- 
eter; intermediate, 45 inches; low-pressure, 75 inches; stroke, 
54 inches. Fourcylindrical and return-tubular boilers, diameter 
of shell, 14} feet; length inside, 12 feet; three furnaces in each 
leading to separate combustion chambers ; diameter of furnaces, 
about 50 inches outside; grate surface, about 320 square feet; 
heating surface, about 1,160 square feet; pressure, 170 pounds 
per square inch, The vessel is a four-decked ship with two 
cargo ports; two coal ports on each side in second between 
decks, and three cargo ports and one air port opposite the kitchen 
on each side on the third between decks, On the third deck 
there is a passenger saloon with twenty state rooms, pantry and 
toilet, fitted with light hardwood, and having large open double 
stairway. The main saloon is about 72 feet long and 30 feet 
wide. The kitchen and second-class rooms, cook’s and wash 
rooms are on third deck. On this deck there is also a forecastle 
with proper accommodations for stores, ice, oil, lamp rooms, etc. 
On the spar deck abaft smoke stack there is a house containing 
engine-room opening, engineer’s room, social hall, toilet rooms, 
passengers’ state-rooms, etc. Surrounding the smoke stack is a 
house containing smoking rooms, toilet and officers’ rooms, etc. 
Forward of smoke stack will be a house containing ten state- 
rooms for passengers. On top of this house is a pilot house. 
The vessel is schooner rigged, with two pole masts with wire 
standing rigging. All staterooms are finished in hard wood. 
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The Lake Freight Steamer ‘‘ Troy.’’— Within recent years 
there has been a marked increase in size and an improvement in 
the construction of the steamers on the Great Lakes, not only for 
those employed in the coal and ore traffic, but also those for gen- 
eral freight traffic. A good example of the modern lake freight 
steamer is the Zroy, which was built in 1898 for the Western 
Transit Co., of Buffalo, N. Y., operating what is known as the 
New York Central and Hudson River R. R. Lake Line. The 
steamer runs regularly between Buffalo and Duluth. Many of 
our readers who attended the convention of the American Society 
of Civil Engineers at Detroit, last summer, will remember seeing 
the hull of the vessel at the Wyandotte shipyards, and the engines 
at the Detroit engine shops. The ship and its engines were built 
by the Detroit Dry-Dock Co., of Detroit, Mich. The general 
dimensions are as follows: 

Length on keel, feet and inches 380-6 
Length over all, feet and inches : 402-6 
Beam, molded, feet and inches, 45-6 
Depth, molded, feet and inches 28-0 
Height between decks, molded, feet and inches 9-3 
Mean draught, feet and and inches 17-6 
Cargo capacity on net draught, net tons 5,100 
Engine cylinders, diameters, inches 19, 274, 40 and 58 
Engine cylinders, stroke, inches 

Boilers (3 Scotch marine), diameter, feet and inches.................... desis 

Boilers, length, feet and inches 

Boilers, pressure, pounds 

Total heating surface, square feet 

Total grate surface, square feet 

Ratio heating surface to grate surface 45 to 1.04 


The steamer is designed for both package and coarse freight. 
The hull is of steel, with framing of channel construction, and 
the cargo hold is divided into five compartments by screen bulk- 
heads. It is double-decked for the entire length, and has a top- 
gallant forecastle, an orlop deck forward and aft, and water ballast 
in ten compartments 5 feet deep, of about 2,000 tons capacity. 
There are eleven hatches on each deck, and seven water-tight 
gangways between decks. The decks and deck houses are of 
steel, the latter being elaborately finished inside with hardwood. 
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A line of hoisting shaft runs from the collision bulkhead at the 
bow to the bulkhead forward of the boiler room. This has two 
hoisting drums at each hatch, and a single drum at each of the 
two forward gangways, the latter being used for skidding freight 
up the gang planks, on account of the height due to the sheer 
of the hull. The vessel is equipped with all the latest appliances 
for handling all kinds of freight, both package and bulk. It is 
also fitted with electric lights throughout, electric signal lights 
and a search light. The rig consists of two steel pole masts, 
the foremast being fitted with a “crow’s nest” for the lookout. 
Two stockless anchors are placed at the bow, and a third is at 
the stern, the latter arrangement being peculiar to lake steamers. 

The engine and boilers are placed at the extreme afterpart of. 
the vessel. The engine is of the four-cylinder, four-crank, quad- 
ruple-expansion type, having cylinders 19, 274, 40 and 58 inches 
diameter and 42 inches stroke. The high-pressure cylinder is 
placed forward and the first intermediate cylinder aft. The larger 
cylinders, with their heavier reciprocating parts, are in the middle, 
for the sake of a better balancing effect. The high-pressure and 
first intermediate cylinders are fitted with piston valves, while 
the second intermediate and low-pressure cylinders have double- 
ported slide valves, all operated by means of the ordinary link- 
motion and each being independently adjustable. The steam 
chests of the two latter cylinders are placed at the side, so as to 
reduce the length of the engine, the valves being worked by 
rocker arms. The framing consists of four columns on the back 
side (supporting the slipper guides), and five at the front, thus 
making the engine very open and accessible. 

The main shaft is supported in five journals and is 12} inches 
diameter, with crank pins 12} inches diameter and 10 inches 
long. The outboard shaft is 12} inches diameter. The pro- 
peller is of the sectional type, 14 feet diameter and 16 feet pitch. 
The air pump is 33 by 14 inches, with a trunk 18 inches diame- 
ter and the two feed pumps have cylinders 4 by 124 inches. The 
air pump, feed, bilge and cooler pumps are all worked from the 
crosshead of the low-pressure cylinder by means of a lever and 
connections. 
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The auxiliary machinery includes one duplex feed pump, 9 X 5 
10 inches; one duplex fire pump, 10 X 6 X 10 inches, and 
two duplex ballast pumps, 10 X 16 X 12 inches. A double ver- 
tical engine, with cylinder 12 X 12 inches, drives the hoisting 
shaft, and there are two steam winches on the upper deck, two 
steam windlasses, and two steam capstans, one forward and one 
aft. The steam steering engine is of the Detroit Dry-Dock Co.'s 
make, and has two cylinders, 7 X 7 inches. The two dynamos 
are driven by direct-connected engines. 

There are three Scotch marine boilers, 11 feet diameter and 
and 11 feet 6 inches long, built for a working pressure of 210 
pounds. Each boiler has two corrugated furnaces, 39 inches in- 
side diameter, and 226 tubes, 2? inches outside diameter. The 
total heating surface is 4,617 square feet, and the total grate area 
102.375 feet, giving a ratio of about 45 to1.04. Forced draft on 
the Howden hot-draft system is supplied to the furnaces by a fan 
66 inches diameter and 34 inches wide, the air heater having a 
heating surface of 1,360 square feet. The uptakes lead toa single 
smokestack, 7 feet in diameter. 

The contract required that the ship should carry a cargo of 
5,050 net tons on a mean draught of 17 feet 6 inches, with a coal 
consumption per hour of 2,650 pounds, and at a speed of 13 
miles per hour. On the first trial trip the results given below 
were obtained. This trial was made under the supervision of 
Mr. Hugh Wilson, Chief Engineer of the Western Transit Co., 
who reported that the eigines worked very smoothly and with- 
out any tendency to cause vibration of the ship. 

Load, net tons 


Draught, mean, feet and inches 


For information respecting this vessel we are indebted to the 
Detroit Dry-Dock Co., of Detroit, Mich., and to Mr. G. L. Doug- 
las, Vice-President and General Manager of the Western Transit 
Co., of Buffalo, N. Y. Mr. Douglas also informs us that his 


17-6 
13.16 
Coal consumption, per horse-power per hour, pounds,,............seeeeeeeeeeeeee 1.5 
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company has placed an order with the Union Dry-Dock Co., of 
Buffalo, N. Y., for a steamer of the same length and depth as the 
Troy, but with 4} feet more beam, and some minor changes. 
This vessel is expected to have a cargo capacity of 700 tons more 
than the Zroy.—“ Engineering.” 

S. S. CraigleithOn February 16 the large steel screw- 
steamer Craigleith was taken to sea for her trial trip. . She has 
been built by Messrs. W. Gray and Co., Limited, West Hartle- 
pool, and is the latest addition to the Craig line of steamers 
(Messrs. Russell and Huskie, of Leith). She takes Lloyd’s 
highest class and is of the following dimensions: Length over 
all, 341 feet; breadth, 47 feet; depth, 27 feet 4 inches. Her 
deck erections consist of poop, long bridge and forecastle. The 
saloon, state rooms, captain's, officers’ and engineers’ accommo- 
dation is in large deck houses on the bridge and the crew’s 
berths are in the forecastle. This hull is built with deep frames, 
large hatchways are fitted, six steam winches, steam steering 
gear amidships and hand-screw gear aft, patent direct steam 
windlass, patent donkey boiler, cellular double bottom for water 
ballast, shifting boards throughout, stockless anchors, telescopic 
masts with fore-and-aft rig, boats on beam overhead and all re- 
quirements for a first-class cargo steamer. 

Triple expansion engines have been supplied by the Central 
Marine Engine Works of Messrs. W. Gray & Co., Limited, hav- 
ing cylinders 25 inches, 40 inches and 65 inches in diameter, with 
a piston stroke of 42 inches, steam being generated in the large 
steel boilers working at a pressure of 160 pounds per square inch. 
The vessel and her machinery have been completed under the 
personal supervision of Mr. Huskie, and this gentleman, together 
with Captain Murrell and Mr. W. C. Borroman (the two latter 
gentlemen representing the ship yard and engine works respect- 
ively) were on board to witness the trial. Everything in the en- 
gine room went exceedingly well, and to the entire satisfaction 
of those on board, there being no water applied to the bearings 
whatever, and the engines running so smoothly as not to be 
heard on deck ; the boilers kept up an ample head of steam, and 
remained perfectly tight. On the conclusion of the trial the 
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Craigleith at once proceeded to Cardiff, her loading port, whence 
she proceeds to Colombo.—“ Engineering.” 

S. S. Claudius.—On April 20 the fine, large screw steamer 
Claudius, built by Messrs. William Gray and Co., Limited, West 
Hartlepool, to the order of Mr. C. Anderson, of Hamburg, was 
taken to sea for her trial trip. Her dimensions are: Length over 
all, 350 feet; breadth, 51 feet ; depth, 27 feet; deadweight capacity, 
6,200 tons. The cellular double bottom extends throughout the 
ship, and with the after-peak tank will contain 1,000 tons of water 
ballast, while the side tank will hold 700 tons more. The Claudius, 
in regard to ballast arrangements, is of the new type inaugurated 
some months ago at the yard of Messrs. William Gray and Co., 
on the initiative of Mr. McGlashan, their chief draughtsman. 
Briefly stated, the ballast tanks, in addition to the double bottom 
and after-peak tanks, are situated on the side of the vessel. The 
side tanks give sufficient immersion in water to make the vessel 
manageable when in ballast without straining the propeller shaft. 
The reports received from the Mancunia, a vessel previously fitted, 
have been eminently satisfactory as regards this new departure. 
Racing of the machinery has been reduced to a minimum, it is 
not necessary to stand continuously by the throttle valve, and 
there is an absence of that hammering by the sea in the fore end 
of the vessel which is usual in such circumstances. 

The side tanks extend through the main and after holds and 
engine room for a length of 191 feet, in way of which the ship 
has double sides, adding greatly to her strength and safety. 
These advantages are secured without extra material being re- 
quired in the construction of the side tanks. The lower decks 
and other parts used in strengthening ordinary ships, and which 
greatly impede stowage, are dispensed with, and the material is 
applied in building the side tanks. Hence the new type loses 
nothing as a cargo carrier. The engines have been supplied by 
the Central Marine Engine Works of the firm, and have cylinders 
254 inches, 40} inches and 67 inches in diameter by 45 inches 
stroke. The boilers are three in number, 13 feet 3 inches in 
diameter by 10 feet 6 inches long, and work at a pressure of 170 
pounds per square inch. Manganese-bronze blades are fitted, a 
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Mudd’s evaporator, etc., and the vessel is lighted throughout 
with electricity. The vessel and her machinery were put under 
the usual tests, with very satisfactory results, there being no- 
hitch whatever. The average speed recorded was 11? knots.— 
“Engineering.” 

S. S. Montfort.—There was launched on the 13th inst. from 
the Jarrow yard of Messrs. Palmer’s Shipbuilding and Iron Com- 
pany, Limited, a steel twin-screw steamer of the following di- 
mensions: Length between perpendiculars, 445 feet; breadth, 
extreme, 52 feet; depth molded, 30 feet to inches. She is of the 
three-decked type, with two steel decks laid all fore and aft, and 
has an iron shelter deck specially strengthened for the Atlantic 
trade, extending over the whole length, and above this is a shade 
deck covering the machinery openings. All the available space 
under the shelter deck and along each side under the shade deck 
is fitted throughout for carrying cattle. Water ballast is arranged 
to be carried in a deep cargo tank and in the after peak, giving 
the vessel a total water-ballast capacity of over 2,000 tons. She 
is designed to carry about 8,000 tons deadweight on a mean 
draught of 25 feet. The vessel is divided into eight water-tight 
compartments by means of seven steel bulkheads, all of which 
extend to the upper deck. Each cargo compartment is fitted 
with a complete set of grain division boards and extra large cowl 
ventilators. Aft of the engine room the ’tween decks are insu- 
lated and fitted with the necessary refrigerating plant for carry- 
ing about 500 tons ofcargo. The engines, which are twin-screw, 
are also being constructed by the Palmer Company. They are 
of the inverted triple-expansion type, each set having cylinders 
26 inches, 43 inches and 70 inches in diameter by 45-inch stroke, 
steam being supplied by three double-ended boilers, 14 feet 6 
inches in diameter by 17 feet 6 inches long, with a working 
pressure of 180 pounds.—“ Engineering.” 

S. S. Castilian.—The new Allan Line steamer Cas/t/ian, built 
by Messrs. Workman, Clark & Co., Belfast, ran her official trials 
on February gth, on the Firth of Clyde. The Casti/ian is the first 
of three new passenger steamers now building for the Allan 
Line service between Liverpool and Canada. These steamers 
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are specially designed to meet the modern requirements of the 
Canadian trade. They are to combine with high speed great 
cargo-carrying capacity and the highest class of passenger ac- 
commodation. The principal dimensions of the Casélian are: 
Length, 470 feet; breadth, 53 feet 9 inches; and depth molded, 
36 feet. There are three complete steel decks, extending all 
fore and aft, and over the upper deck a permanent shelter deck 
is built with bridge above. Part of the lower ’tween decks is 
insulated to form refrigerating chambers for the carriage of per- 
ishable goods, and a chamber is specially set apart for consum- 
able stores for the passengers’ use during the voyage. The first- 
class passengers’ accommodation is placed in the bridge house 
amidships, which is entirely fitted for their use. The dining sa- 
loon, to seat 100 passengers, is at the forward end and across the 
vessel, and the staterooms are arranged on each side of the ship 
abaft this. A number of rooms are fitted with two berths. The 
music room is over the dining saloon, and is very handsomely 
finished and upholstered, and is reached by a staircase from the 
dining saloon. A commodious smoke room is fitted up at the 
after end of the bridge. Adjacent to this is a barber’s shop and 
bar. The second-class passengers are located on the main deck, , 
and the dining saloon is capable of dining 150 persons together. 
The steerage passengers are berthed on the main deck forward, 
and are accommodated in staterooms containing four to six berths 
each. Asa result of several runs over the measured mile, the 
vessel obtained a speed of about 154 knots, which was regarded 
as satisfactory.—" Engineering.” 
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The New Steam Yacht Willada.—Col. Wm. Hester, the 
managing owner of the “ Brooklyn Daily Eagle,” has decided to 
practically identify himself with steam yachtsmen. For years he 
has been an ardent devotee to the sport of yachting, but hereto- 
fore his tastes have run toward the sailing craft. The news of 
his new venture in yachting will be welcome to all classes of 
yachtsmen, as the Colonel is a favorite among the fraternity. 
He is a member of the New York, Atlantic, Larchmont and 
Shelter Island Yacht Clubs, and he will probably make the New 
York Club the home anchorage of his new yacht and fly the 
New York flag. It has been decided to christen the new yacht 
the Wi/lada, and she will be launched early in the spring and go 
into commission in the early summer. The Wi//ada is from the 
board of the well known naval architect, H. C. Wintringham, and 
is now being constructed at the yard of the Pusey & Jones Co., 
Wilmington, Del. Her dimensions will be 128 feet over all, 102 
feet on the water line, 16 feet 7 inches beam ; depth of hold, 9 
feet g inches; draught, 6 feet, leaving a freeboard amidship of 
nearly 4 feet. 

The hull is built of steel and is of a very shapely model. She 
has a long, graceful overhang aft, and the forward overhang is 
enough for grace without being abnormal, as too many are now- 
adays. Her lines are finely drawn, with a sharp entry, the great- 
est beam being just abaft the foremast. Her sheer, while slight, 
is enough for beauty and to save wet decks. Altogether she is 
avery graceful craft,and presents a wholesome contrast to many 
of the modern steam yachts ‘in which strength and stability are 
sacrificed in the attempt to obtain extreme lightness. A careful 
distribution of the material used and the choice of that which 
possesses the maximum of tensile strength with the minimum of 
weight have made her one of the strongest and stanchest of her 
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class which will be afloat next summer, with a total of but 10 per 
cent. more strength than is called for by the rules of the Marine 
Insurance Association. 

The Willada will be schooner rigged, with just enough rake 
to the masts to correspond with her sheer and give her a yachty 
appearance. Her spars, however, will be substantial and worthy 
of trust in an emergency. Her figurehead will be an eagle’s 
head with scroll neck extending into the hawse hole. Provision 
is made for an awning, running from the forestay to the stern, 
which in the warmest weather will make the whole craft cool and 
comfortable as well for the crew as for the owner. The deck 
fittings will be of teak and mahogany, embellished with just 
enough brass to make a neat finish. There will be two deck 
houses, the larger being forward of the smoke stack, the foremast 
coming up nearly through the center of it. The forward house 
will be the dining room. The after house, just abaft the main- 
mast, will be a saloon, with a table and seats, and a stairway 
leading down to the owner’s apartments. The galley will be 
below the forward house, and will be fitted with an elevator, in 
a vertical shaft, connecting with the pantry above, as well as every 
modern convenience for a modern culinary department. The 
officers’ staterooms and messroom will be just forward of the 
galley. Forward of these will be the forecastle and crew’s quar- 
ters. The boiler and engine room will occupy the space aft of 
the galley. 

The owner’s apartments, consisting of five rooms, reached by 
staircase from the after deck house, will be in the after part of 
the vessel. There will be two large staterooms, with a door 
connecting, so that in case of necessity they can be thrown open 
en suite. There will be a bath room, with every modern conve- 
nience. Next aft is to be a main saloon, arranged with two 
sofas, which can be transformed into two very comfortable berths. 
Beyond this and abreast of the stairway there will be a single 
stateroom, a toilet room and a large linen closet, while aft of all 
will be a double stateroom, the whole width of the vessel, with 
two berths, two sofas and ample lockers. All the rooms will be 
lighted by skylights overhead and ports in the side of the yacht, 
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the matter of lighting and ventilation having received special 
care and study. The yacht will be lighted throughout by elec- 
tricity and arrangements have been made so that steam heat can 
be easily and quickly installed for use in the fall and spring. 
The boiler will be of the Almy water-tube type of ample size, 
and the engine a triple-expansion, built by the Fore River Engine 
Co., of Weymouth, Mass., with cylinders 9, 144 and 23} inches 
in diameter, with a common stroke of 14 inches. The wheel 
will be of bronze, and all the fittings of the best quality and 
finish. The yacht will carry an 18-foot naphtha launch and two 
other boats. Her speed, it is estimated, will be between 15 and 
16 miles an hour under forced draft.— American Shipbuilder.” 
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ROBERT ROSE LEITCH. 


Chief Engineer Robert Rose Leitch, U. S. Navy, died at the 
Naval Hospital, Brooklyn, N. Y., on the 14th of March last, after 
an illness of but four days. 

The illness from which Chief Engineer Leitch died was that 
dreaded infliction, appendicitis. 

This officer was born February 6th, 1850, and was consequently 
a trifle over forty-nine years old. He entered the Naval Academy 
as Cadet Engineer, October Ist, 1871, and from the first took 
the leading place in his class, graduating at the head of his date 
May 31, 1873. His promotions followed in due course, and his 
commission as Second Assistant Engineer was of the date of 
January 23, 1874, Passed Assistant Engineer 15th of January, 
1879, and Chief Engineer September 30, 1894. 

Chief Engineer Leitch was placed on the Retired List for dis- 
ability in the line of duty on the toth of February, 1896. 

The sea service of this valuable officer was world-wide, and in 
the course of his service on the China Station, was wrecked on 
the U.S.S. Ashuelot off the ancient town of Swatow, on the 18th 
of February, 1883, on which occasion eleven of the ill-fated craft 
were drowned. 

At the beginning of the Spanish war, Chief Engineer Leitch 
promptly requested transfer to the active list, and was assigned to 
duty at the Navy Yard, Pensacola, Fla., where he remained until 
the need for his services was over, and then returned to Brooklyn, 
where, as stated above, he died as the result of an operation for 
appendicitis. 

He leaves a widow, but no children. The interment was in 
Baltimore. 

Chief Engineer Leitch was of exceptional ability in his profes- 
sion, and was held in high esteem by all with whom he ever 
came into official contact. 
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JOHN LOUIS LAY. 


The subject of this notice was born in 1835, in the State of New 
York, and was appointed a Second Assistant Engineer in the 
United States Navy from Iowa July 8, 1861. July 19, 1861, he 
was assigned to the screw steamer Louisiana of the North At- 
lantic Blockading Squadron, of which vessel he was the senior 
or chief engineer, and where he soon became prominent for gen- 
eral usefulness. In February, 1862, the Louzscana formed part of 
an expedition commanded by Lieutenant Wm. N. Jeffers, U. S. 
Navy, sent to seize and obstruct the Albemarle Sound end of 
the Chesapeake and Albemarle Canal. Mr. Lay, with a force of 
mechanics from the different vessels, covered by a picket-line of 
sailors, was charged with the work of obstruction, and performed 
it so thoroughly, by sinking schooners and a large dredging ma- 
chine in the mouth of the canal, that he was specially commended 
to the Department by the officer commanding the expedition. A 
year later, in April, 1863, he was again highly commended by 
Commander Renshaw, of the Louisiana, and by Rear-Admiral 
S. P. Lee, commanding the squadron, for conspicuous service 
rendered during the investment of Washington, North Carolina, 
by the enemy. Owing to lack of other officers, Mr. Lay volun- 
teered for and was put in charge of the battery of an armed trans- 
port, the Zag/e, which for eighteen days was almost constantly 
engaged with shore batteries and riflemen making an unsuccess- 
ful attempt to drive the Federal vessels away and gain possession 
of the town. 

In september, 1863, he was ordered to examination for promo- 
tion, and was advanced to the grade of First Assistant Engineer 
to date from October 15, 1863. While attached to the Louisiana 
he had exhibited great ingenuity in improvising torpedoes, which 
was reported to the Department and led to his being ordered, in 
December, 1863, to duty in New York, where he was given the 
means and opportunity to perfect his plans and conduct experi- 
ments. While there he became associated with Chief Engineer 
Wm. W. W. Wood, U.S. Navy. The repeated success of the 
Confederates with torpedoes caused the Navy Department, early 
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in 1864, to issue proposals inviting inventors to submit plans for 
these weapons of warfare and methods of using them. From the 
many projects submitted those of Wood and Lay were accepted, 
and those engineers immediately began constructing boats and 
torpedoes according to their proposals. They used a steamer, 
similar to the standard Navy steam launch, carrying, on a long 
spar projecting from the bow, a canister containing about forty 
pounds of gunpowder. Effective though somewhat complicated 
mechanism was provided for detaching the torpedo and explod- 
ing it. Several of these outfits were provided during the sum- 
mer of 1864, and it was with one of them that Lieutenant Cush- 
ing destroyed the A/bemar/e in October of that year. 

Besides designing these small boats and torpedoes, Messrs. 
Wood and Lay proposed a genuine torpedo boat, to be armored 
and to carry a torpedo on a spar or boom large enough to re- 
quire steam power to run it out and in from the bow of the vessel. 
A boat on their plan, named Stroméoli and later Spuyten Duyvil, 
was immediately built at a cost of about $45,000. It was 84 feet 
long; 21 feet beam; about 8 feet draught; 207 tons displace- 
ment, and had 5 inches of armor on the sides and 3 inches on 
deck. A full description of this first torpedo boat of the United 
States Navy is given in “ Barnes’ Submarine Warfare,” and in 
a pamphlet on spar torpedoes by Lieutenant-Commander R. B. 
Bradford, U.S. Navy. October 4, 1864, Mr. Lay was detached 
from duty in connection with the building of the Stromdoli and 
ordered to command that vessel, his orders reading as follows: 

“Sir: You are hereby detached from special: duty at New 
York, and you will report to Rear Admiral Gregory for the 
command of the torpedo-boat Stromboli. 

“Very respectfully, 
“GIDEON WELLES. 
“First Ass'tT Eno’r J. L. Lay, 
“New York.” 

As Mr. Lay was a staff officer, and not in the line of command, 
this order was a high compliment to his ability and knowledge 
as recognized by the Navy Department. Under his command 
the Stromboli was employed for several months during the latter 
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part of the war in the James River, and performed valuable ser- 
vice there by blowing up obstructions to navigation that had 
been placed in the river by both Union and Confederate com- 
batants. 

In May, 1865, the war being over, Mr. Lay resigned from the 
Navy and was soon heard of in Peru, by which country he was 
employed to place torpedoes in its harbors as a defense against 
a threatening Spanish squadron. At Callao, in 1866, while plant- 
ing an electric-defense torpedo with wire attached, he conceived 
the idea of a dirigible torpedo to be controlled by electric cur- 
rents. With this idea he returned to the United States, and in 
1870 completed the first movable torpedo that was known by 
his name. This was about 25 feet long, with fusiform body, 
about 30 inches in diameter at the largest part, and contained 
many of the essential features of torpedoes now in use. It was 
driven by a screw propeller, actuated by an engine, the motive 
power of which was carbonic acid gas obtained by releasing 
liquid carbonic acid from a containing vessel within the hull of 
the torpedo. A smaller gas engine worked the rudder, and was 
itself controlled by electro magnets under the influence of a cur- 
rent sent over a wire paid out from the torpedo as it advanced. 
This torpedo was sold to the Egyptian Government. 

The second dirigible Lay torpedo, completed in 1872, was 
somewhat larger than the one just described, and had certain 
improvements, an important one being electrical control of the 
propelling engines that enabled them to be started or stopped at 
will. This was sold to the U.S. Navy Department for experi- 
mental use at the torpedo station at Newport. Its mechanism 
is fully described by Lieutenant-Commander Bradford in one of 
the torpedo-station pamphlets before referred to. 

The third torpedo made was sold to Egypt and the fourth to 
the United States. Important improvements possessed by them 
were horizontal fins or rudders, electrically controlled, by which 
they could be made to dive or rise, and the feature of the drop- 
ping magazine. The latter was a provision by which the explo- 
sive charge, normally a symmetrical part of the body of the 
torpedo, was detached on impact and allowed to sink to a depth 
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regulated by an attached chain. Experiment had shown that 
more damage was done by submerged explosion than resulted 
when the magazine or explosive was detonated when attached to 
the body of the torpedo at the surface. Following these, eleven 
torpedoes were sold to Russia in 1879 for $250,000, and the 
same year ten others were sold to Peru, then at war with Chile. 

It is unnecessary for the purposes of this notice to follow the 
development of the Lay torpedo from the beginning that has 
been outlined. Modern torpedoes, by virtue of superior and 
more accurate processes of manufacture and by having the ad- 
vantage of numerous recent inventions, are improvements, but 
their essential features are still only amplifications of Mr. Lay’s 
ideas. For his own labors he was well rewarded, as he received 
at least one million dollars from the sale of torpedoes or the 
right to manufacture them. Like many other rare geniuses, he 
is said to have had no orderly business methods and no idea of 
the value of money, spending great sums on visionary experi- 
ments in the most prodigal manner. For these reasons his later 
years were made sorrowful by poverty, and he was on occasions 
saved from actual want by the generosity of friends who had 
known him in the days of his prosperity and who appreciated 
the value of his contributions to the triumph of machinery that 
the last half of this century has seen. 

He died in Bellevue Hospital, New York, of erysipelas, April 
18, 1899, so unknown that his name and history were not learned 
by the hospital officials until after his death. He leaves a wife, 
who has long lived in London, a married daughter in Java, and 
ason on the Pacific coast. His body was sent to Buffalo, his 
boyhood home, for burial, and his papers relating to his share 
in the world’s work will be delivered to the Buffalo Historical 
Society. 


SIR JAMES WRIGHT. 


Sir James Wright, C. B., late Engineer-in-Chief of the British 
Navy, and a vice-president of the Institution of Naval Architects, 
died at Norwood on April 17, 1899, in his seventy-sixth year. 
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Sir James Wright, who was the son of Captain George Wright, 
of Lawton, Perthshire, received his engineering training at Dun- 
dee, and entered the Admiralty Service at woolwich Dockyard 
in 1845. He was transferred with the Steam Department of the 
Navy from Woolwich to Somerset House in 1847, and subse- 
quently to Whitehall. He was appointed assistant to the Engi- 
neer-in-Chief of the Navy, Mr. T. Lloyd, in 1860, and on Mr. 
Lloyd’s retirement in 1872 he became Engineer-in-Chief which 
post he held till his retirement in 1887, when he received the 
honor of knighthood. 

The public services of Sir James Wright extend from almost 
the beginning of our steam navy to the year 1887, when marine 
engines had reached a very high state of perfection. In 1860, 
when he was appointed assistant to the Engineer-in-Chief, the 
simple engine with jet condensers, box boilers and about 20 
pounds pressure, was in use. Then under his régime followed . 
the successful reintroduction of the compound engine, which had 
been previously tried and abandoned ; the adoption of twin screws; 
the steady rise of steam pressure to the limit of economy obtain- 
able in practice with the compound engine; forced draft; the in- 
troduction of the triple-expansion engine, and consequent further 
rise of the pressure to the limit practicable with the circular 
boiler, and the special types of torpedo-boat machinery. Through- 
out the period of Sir James Wright’s connection with the steam 
department of the Navy steam machinery was in a constant state 
of transition, and for the great changes therein he was more or 
less responsible, and his name must always be associated with 
them. By all those who knew him or served under him he 
will be remembered as a kind friend and an able chief.—“ En- 
gineering.” 
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Tue Unitep States STANDARD REGISTER OF SHIPPING FOR 
1899-1900 appears in form highly complimentary to both editor 
and printer. It now includes the classification of a large number 
of American steam vessels, and presents the data regarding them 
in the clearest type and most accessible arrangement. The con- 
struction rules for steel vessels have been thoroughly revised and 
made very complete. The rules and tables of scantlings are pre- 
pared in the most convenient shape for practical use. The United 
States Standard Steamship Owners’, Builders’ and Underwriters’ 
Association, Limited, Post Building, New York City, issues this 
valuable book. 


Tue Eicutx Epition oF HE issued by the Heine Safety 


Boiler Co., is one the best arranged semi-advertising data books 
we have seen. The typography is excellent, and the tables and 
chapters of information on maters relative to power production 
and use are up to date and in such form as to make the volume 
a very desirable one for ready reference. 


IN MENTIONING this class of literature, we must not fail to note 
the new edition of the catalogue of the B. F. Sturtevant Co., 
Boston, Mass., of steel-plate fans, accompaning their volume on 
Ventilation and Heating, which so many have found useful in 
planning for this kind of work. Those interested should request 
a copy of each of these books. 
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AnnuaL Dures.—Many supporters of the JouRNAL are under 
the impression that annual notices are sent to all members, 
associates and subscribers when their dues are payable. This 
is not the case, as the majority of the interested are familiar 
with the By-Law governing this rather important duty. For 
the benefit, however, of those who await a notice, we would state 
that it is desirable to have all dues paid as soon after January Ist 
of each year as isconvenient. In this way the rules are not only 
carried out, but we are assured of the intention of our members 
to continue their support at least during the year then beginning. 


ImportTANT By-Law CHance.—At a meeting of the Council of 
the American Society of Naval Engineers, held March 31, 1899, 
it was decided to submit to the members of the Society the fol- 
lowing proposed change in the By-Laws, made necessary by the 
amalgamation of the Line and Engineer Corps of the Navy by 
the Personnel Bill, in order that these By-Laws may be consist- 
ent with the continuance of the Association. For Article 5, as 
now written, substitute the following : 

“5. Officers of the Line and Construction Corps, and ex-offi- 
cers of the Engineer, Line and Construction Corps of the Navy, 
and officers and ex-officers of the Revenue Cutter Service, shall 
be eligible as members.” 

A notice of this proposition was mailed to each voting member 
with a request that he would mail his approval or disapproval 
of the change. So far the returns have indicated an almost 
unanimous approval, but the final vote will be announced in the 
next JouRNAL. Any member not having received the notice 
will oblige the Council by acting upon this and forwarding his 
vote to the Secretary-Treasurer. 
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Back NUMBERS OF THE JOURNAL.—There have been from time 
to time requests for back numbers of the JouRNAL which we were 
anable to fill. At present, however, there are no unfilled orders 
of this kind; but in view of the possible desire of some of our 
number to either fill up a deficient set or to purchase a full set, 
we would state that there is on hand a fair supply of most 
of the back numbers. As to full sets, we have one, which we 
are desirous to dispose of at the highest price obtainable, for the 
benefit of the estate of a deceased member, an Engineer Officer 
of the Navy. Any offers will be promptly referred to the pres- 
ent owner of these volumes. 


OrFiciAL TitLes.—The changes in these made by the Per- 
sonnel Bill have not been adopted in addressing the present 
number of the JouRNAL, but will appear on all future issues. 
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ADVERTISEMENTS. 


FORE RIVER ENGINE 
Engineers and Shipbuilders, 


(Suburb of Boston.) 


Fast Steam Yachts. 
Merchant Vessels. 
Marine Engines. 
Water-Tube Boilers. 


U. S. Torpedo-Boat Destroyers ‘‘Lawrence’’ and ‘‘Macdonough”’ 
now under construction. 


BRAENDER 


AUTOMATIC 


BILGE SYPHON. 


This device furnishes the best, cheapest and surest way 
of keeping a vessel dry. It never tires or goes to sleep, 
and ensures comfort, health and greater speed. It is 
endorsed by leading Marine Engineers and the U. S. 
Government. 


MSCHARGE Pi 


SUCTION PIPE 
PAT. APR. 21 1896, 


THE BRAENDER CELLER DRAINER, 
AUTOMATIC, 


Operated by Water or Steam Pressure. Simple, Strong, 
Durable and Efficient. 


ALWAYS ON WATCH. 
BRAENDER 
BILGE SYPHON. 


PHILIP BRAENDER, 


= 

WEYMOUTH, MASS., U. S. A. 4 


ADVERTISEMENTS. 


GAS ENGINE & POWER CO. and CHARLES L, SEABURY & C0. 


CONSOLIDATED. 


4 


Builders of Steel and Wooden Vessels, High-Speed Steam Yachts, 
Marine Engines and Water-Tube Boilers. 


THE ONLY NAPHTHA LAUNCH. 
Catalogue mailed on application. Morris Heights, New Yor k City. 


way CANNOT THE ENGINEERS: DEMAND 


ALBAN’ Y GREASE? 


It is recognized as the Standard 
of lubricants, meets your require- 
ments, and you should have it. 


Cost of expense when using oil. 
‘ost of expense when using Albany 


Remember, Engineers, a sample 
W} can of Albany Grease, with an 
/ Albany Grease Cup, free of 
charge or expense for testing. 


The only genuine Albany Grease has 
this Trade-mark on every package. 


ONLY MADE BY 


ADAM COOK’S SONS, 


313 West Street. NEW YORK CITY. 
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ADVERTISEMENTS. 


THE GEO, F. BLAKE C0., 


BUILDERS OF EVERY VARIETY OF 


ing} jachinery 


91 Liberty Street, 
NEW YORK. 


185 Devonshire St., _ 56865 Arch Street, 
BOSTON. PHILADELPHIA. 


STEAM PUMPS FOR NAVAL USE A SPECIALTY, 


Send for Illustrated Catalogue. 


COMPOUND DUPLEX 
COMPRESSOR. 


This Machine is intended for those who wish the. 
most economical results, even in small plants. It is 
perfect in regulation, and as it can be run at very slow 
speed, unloading devices are unnecessary. Consump- 
tion of fuel and wear of machine are strictly propor- 
tioned to work done. Other attractive features. 


ROCK DRILLS 
AND MINING MACHINERY. 


WRITE FOR ILLUSTRATED PAMPHLET. 


(RAND DRILL CO.) 


1100 Broadway, NEW YORK. 


— 
a 
> 
4 
Power pow? 
| 
} | 
| | 
> | 
"2 


ADVERTISEMENTS. 


SELDEN’S PATENT PACKINGS, 


FOR STUFFING BOXES OF ENGINES, PUMPS, 
AIR COMPRESSORS, GLOBE VALVES, ETC. 


HE “SELDEN” is in use in the U. S. Navy, ané 
the largest Marine and Stationary plants in this an¢ 
other countries, and its merits have been testified to by th 
repeated orders where it has once been introduced. Th 
materials of which it is composed are entirely free from am 
substances which will either score or corrode rods am 
plungers, and will keep them tight with less friction tha: 
any packings on the market. A trial will convince you of 
the justice of these claims. It is put up in handy shape for 
the consumer and dealer. 
Round, Gun, in sizes (varying by sixteenths) from te 
Round wih Canvas Core, in sizes (varying by sixteenths) from \% to 


inches diameter. 


th either Rubber ‘ 


RANDOLPH BRANDT, 
88 CORTLANDT STREET, NEW YORK. 


William R. Trigg Company 
Shipbuilders 


GOVERNMENT CONTRACTORS Richmond, Va. 


Building Torpedo-Boat Destroyers 
DALE and DECATUR 
And Torpedo Boats 
SHUBRICK, STOCKTON and THORNTON 
For the United States Navy 


R. BERESFORD, 


PRINTER ano BINDER, 


618 F STREET, N. W,, 
CITY OF WASHINGTON. 
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ADVERTISEMENTS. 


MORISON SUSPENSION FURNACES, 


—Fron — 


LAND AND MARINE BOILERS. 


UNIFORM THICKNESS — EASILY CLEANED — UNEXCELLED FOR STRENGTH. 
Also, FOX CORRUGATED FURNACES. 


THE CONTINENTAL IRON WORKS, 
West and Calyer Sts , NEW YORK, Borough of Brooklyn, 


SEND FOR CIRCULAR. Near 10th and 23d St. Ferries. 


CROSBY STEAM GAGE AND VALVE CO, 


Sole Manufacturers of the 
Crosby Steam Engine 
INDICATOR. 


Approved and adopted by the U.S. Govern- 
ment. It is the standard in nearly all the great 
Electric Light and Power Stations of the United 
States. It is also the standard in the principal 
Navies, Government Ship-Yards, and the most 
eminent Technical Schools in the world. 

When required, it is furnished with Sargent’s 
Electrical Attachment, by which any number 
of diagrams from Compound Engines can be 
taken simultaneously. This attachment is 
protected by letters patent ; the public is warned 

inst other similar attachments, which are in- 
fringements. 


ALSO SOLE MANUFACTURERS OF pennaaeneny 


Crosby Improved Steam Gages, Pop Safety Valves, Water Relief Valves, 
Patent Gage Testers, Safe Water Gages, Revolution Counters, 
ORIGINAL Single Bell Chime Whistles and other Standard 
Specialties used on Boilers, Engines, Pumps, ete. 


Main Office and Works: Boston, Mass., U. 8S. A. 


Branches: New York, Chicago, and London, Eng. 
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ADVERTISEMENTS. 


NEWPORT NEWS 


SHIPBUILDING AND DRY DOCK COMPANY. 


WORKS AT NEWPORT NEWS, VA. 
(ON HAMPTUN RUADS.) 


Equipped with a Simpson’s Basin Dry Dock, capable of docking 
a vessel 600 feet long, drawing 25 feet of water, 
at any stage of the tide. 


REPAIRS MADE PROMPTLY AND AT REASONABLE ATES. 


- SHIP AND ENGINE BUILDERS - 


For Estimates and further particulars, address 


C. B. ORCUTT, Pres’t, No. 1 Broadway, New York. 


ATLAS PORTLAND UGEMENT. 


WARRANTED EQUAL TO ANY AND SUPERIOR TO MOST 
OF THE FOREIGN BRANDS. 


OFFICI/S. TESTS, Nos. 3567 and 3568, made by the DEPARTMENT 
OF DOCKS, New York, March 31, 1894, being part of con- 
tract No. 464 for 8,000 barrels. 


TENSILE STRENGTH, 7 days, neat cement, ‘ : . 622 lbs. 
TENSILE STRENGTH, 7 days, 2 —_ sand to 1 of onnsanit, . 332 Ibs. 
Pats steamed and boiled, . Satisfactory. 


All of our product is of the first quality, and is the only American Port- 
land Cement that meets the requirements of the U. S. Government and 
the New York Department of Docks We make no second grade or so- 
called improved cement. 

We furnish QUI. K or SLOW Setting Cement, as desired. 


ATLAS CEMENT CO., 


143 Liberty Street, New York City. 
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ADVERTISEMENTS. 


CRAMP’S SHIP YARD, 


PHILADELPHIA, PA. 


BATTLESHIPS, CRUISERS, PASSENGER 
AND. FREIGHT.“ STEAMSHIPS,  &ZC. 


Steam Machinery of every description, including 
boilers and all equipment, Marine Engines of any 
desired power, Mining Machinery, Hydraulic Plants, 
both for pumping and for power, Furnace Blower 
Engines, Tank Works; in short, every device or 
appliance embraced in the domain of applied 
mechanics. 


t Basin Dry Dock and Marine Railway........ 
{ Parsons’ Manganese Bronze and White Brass. 
| Water Tube Boilers (Niclausse, Yarrow)..... 


Area of Plant, thirty-two acres. Area covered 
by buildings, fifteen acres. Delaware River front, 


1,543 feet. 


Floating Derrick “Atlas 3” capacity 130 tons, 
with 60 feet hoist, and 36 feet out-hang of boom. 


Number of Men Employed, about 6,000 in 
all departments. 
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ADVERTISEMENTS. 


THE BLAKE PATENT VERTICAL CROSS-COMPOUND 
“SIMPLEX”? FEED PUMP. 


The most economical type of direct acting feed pump, with the ad-Iitional advant- 
age that either side can be run separately should oce tous containing 
within itself a spare or auxiliary pump. 


*,*Send for paper on ‘‘ Fconomy Test of a Unique Form of Feed Pump,”’ tested before repre- 
sentatives from the British Admiralty, ‘Mhornycroft and Yarrow. 


1 Libe et, 
9 THE GEO. F. BLAKE MFG. CO. 
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ADVERTISEMENTS. 


LEWIS NIXON, 


—s 


OFFICE AND WORKS, 


ELIZABETHPORT, N. J. 


BUILDER OF 


Steam Yachts FREELANCE and JOSEPHINE. 
STANDARD OIL BOATS Nos. 77 and 78. 
Pennsylvania Ferryboat CAMDEN. 
Ten Lake and Canal Barges. 
Lake Steamers BETA, GAMMA and DELTA. 
U. S. GUNBOAT No. 10. 
Sternwheelers RODOLFO and CAURA. 
Sidewheeler MARIA HANABERGH. 


SPECIAL FACILITIES FOR 


REPAIR WORK OF ALL KINDS. 
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ADVERTISEMENTS, 


Seamless Cold=-Drawn 


STEEL BOILER TUBES 


Unexcelled in Strength Manufactured from Solid 
Durability ana Round 
Efficiency Bar 


NO LAPS OR SEAMS OR WELDS. 
CAN BE WELDED LIKE IRON. 


Free from all Porousness and Physical Imperfections. 
Made from the highest grade of material. Sulphur and phosphorus guaran- 
teed not to excezd .025 per cent. 
Does not Pit or Corrode like lap-welded tubing. 
Does not Split or Crack when being expanded or re-rolled in tube-sheet. 
Tubes are Very Tough and of increased density, owing to the cold draw- 
ing, and expanded tube ends hold tighter in tube-sheet than lap-weld tube. 
Tubes are True to Size and Gauge and have very smooth inside and 
outside finish. This admits of much closer shop work than where lap- 
welded tube is used. 
Tubes are Much Easier Cleaned than lap-welded, as the scale does not 
adhere so tightly to smooth surfaces as that of the lap-welded tube. 
Seamless Tubing can be Bent into all kinds of shap2s and with short radii 
without fear of failure, and has remarkable ductile and flanging properties. 
The Increased Strength admits of higher steam pressure without decreas- 
ing of factor of safety. 
Send us a sample order and verify the above statements. 
- Correspondence Solicited. 


SHELBY STEEL TUBE CO., 


GENERAL SALES OFFICE: 
AMERICAN TRUST BLDG., CLEVELAND, 0O. 


Eastern Office and Warerooms, 
No. 144 Chambers Street, New York, N. Y. 


Mills, European Office and Warerooms, 


Ellwood City, Pa. 29 Constitution Hill, Birmingham, Eng. 
Greenville, Pa. 
Shelby, Ohio. Western Office and Warerooms, 


Toledo, Ohio. 135 Lake Street, Chicago, Ill. 


ADVERTISEMENTS. 


THE BABCOCK & WILCOX CO., 
29 Cortlandt Street, NEW YORK. 


FORGED STEEL WATER-TUBE MARINE BOILER 


ACCESSIBLE STRAIGHT TUBES, EXPANDED JOINTS. 


United States, 


Navies 24,500 HLP. 


Norwegian, 
United States, 


British, Merchant 77,000 H.P. 


French, Marine. 
Russian, 
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THE CONSOLIDATED SAFETY VALVE CO., 


SOLE MANUFACTURERS 


Nickel Seat Pop 
Safety Valves. 


Office and Salesrooms, 


85, 87, 89 Liberty Street, NEW YORK. 


THE — MANUFACTURING CO., 


SOLE MANUFACTURERS 


Tabor Steam Engine Indicator, 
Edson Recording Gauge, 


Ashcroft Steam and Vacuum 
Gauges. 


Office and Salesrooms, 


85, 87, 89 Liberty Street, NEW YORK. 


THE HAYDEN & DERBY M’F/6 CO., 


SOLE MANUFACTURERS 


METROPOLITAN 
INJECTORS 


AND 


H.-D. EJECTORS. 


Office and Salesrooms, 


85, 87, 89 Street, NEW YORK. 
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ADVERTISEMENTS. 


DON’T BE MISLED into supposing that foreign navies 
are equipped with foreign-made machinery exclusively. This is true with 
respect to everything but pumps. As to these, it has been universally 
conceded that the machines supplied by the Worthington Company are so 
superior to any that can be purchased elsewhere, an exception should be 
made. As a consequence, the following war vessels rely upon Worthington 
Pumps for their hydraulic and boiler feeding apparatus: A/aguificent, Prince 
George, Royal Sovereign, Repulse, Empress of India, Hood, Renown, Rod- 
ney, Howe; the coast defence iron-clad Rupert; the cruisers Blenheim, 
Grafton, Medea, Medusa, Melpomene ; also nineteen torpedo boats ; twelve 
torpedo catchers ; Her Majesty Queen Victoria’s yacht; four English gun- 
boats ; all the government vessels for Africa, India, Egypt and the Indian 
Marine, as well as most of the vessels for the Russian, German and Austrian 
Navies, and equipments for the Danish, Brazilian, Spanish, Portuguese, 
Chilian, Argentine and Japanese Navies. In the American Navy the follow- 
ing ships, among others, are supplied with Worthington Pumps: /owa, 
Cincinnati, Monadnock, Kentucky, Kearsarge, Alabama and J/linois ; beside 
which, the representative ocean liners plying between here and Europe are 
equipped with them. When quality is the ruling consideration, as distinct 
from cheapness, Worthington Pumps have no competitor. 


HENRY R. WORTHINGTON, - = = _ New York. 


TOBIN 


Tensile strength of Plates, one-quarter inch thick upwards 
of 78,000 pounds per square inch. 
Torsional strength equal to the best Machinery Steel. 


NON-CORROSIVE IN SEA WATER. 


Round, Square and Hexagon Bars for Bolt Forgings, &c., Pumps, 
Piston Rods, Yacht Shafting, Ship Sheathing, Rolled Sheets 
and Plates for Pump Linings, Condenser Tube Sheets, 

Hull Plates for Yachts and Torpedo Boats, etc. 


CAN BE FORGED AT CHERRY RED HEAT. 


The ANSONIA BRASS AND COPPER CO, 


SOLE MANUFACTURERS. 
Send for Circular. 19 and 21 Cliff Street, NEW YORK. 
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ADVERTISEMENTS. 


LIDGERWOOD HOISTING ENGINES 


Are Built to Gauge on the Duplicate-Part 
System. Quick Delivery Assured. 


Standard for Quality and Duty. 
OVER 14,000 IN USE. 


CABLEWAYS, HOISTING AND 
CONVEYING DEVICES. 


ELECTRIC HOISTS, Specially 
adapted for Docks, Warehouses, 
and Steamships. 


LIDGERWOOD MFG. CO., 


96 Liberty Street, 
Send for Catalogue. NEW — 


AMERICAN STEEL-CASTING COMPANY, 


MANUFACTURERS OF 


OpeEN-HEARTH STEEL CASTINGS 
of EVERY DESCRIPTION and to any weight 


QUALITY EQUAL TO STEEL FORGINGS. 


For Marine and Stationary Engines, Hydraulic Work, Ship Hull 
Castings, Gun Carriages for Rapid-Firing and Larger Ordnance. 


Principal Office: CHESTER (Thurlow Station), PA. 


BRANCH OFFICES: 
Fisher Building, Chicago. New England Building, Cleveland. 
26th St. and R. R. Ave., Pittsburg, Pa. 


Location of Plants: 


Thurlow, Pa. Pittsburg, Pa. Alliance, Ohio. 
Sharon, Pa. Norristown, Pa. Syracuse, N. Y. 


-- 


ADVERTISEMENTS. 


W. & A. FLETCHER Co, 


North River Iron Works, 


MARINE ENGINES, BoILers, Etc. 


Hudson, 12th and 14th Streets, 


HOBOKEN, N. J. 


Take FERRY FROM FOOT OF WEST 14TH SrT., N. Y. 


KEARSARGE 
ASBESTO=METALLIC PACKINGS 


Made for piston rods of high-speed 
and high-pressure engines. Also in 
sheets and rolls, 40 inches wide, 1, 2 and 
3-ply. Being very elastic, it adapts itselt 
to uneven surfaces. Makes a superior 
flat packing for steam, acid and air-tight 


GASKETS 


Made from KEARSARGE cloth, are 
lied for all cl of high-pres- 
sure work, and for man and hand-hole 
plates. These Gaskets are very com- 
pressible, and readily conform to irre- 
gular surfaces. 
KEARSARGE products are made from pure ASBESTOS cloth, interwoven with 
fine brass wire and thoroughly cemented with our special India rubber composition. 
We also make ASBESTOS WOUND CLOTH PACKINGS, with and with- 


out rubber core. Write for samoles and prices. 


H. W. JOHNS M’P’G CO., 


100 William Street, NEW YORK. 


CHICAGO. PHILADELPHIA. BOSTON. 
COLUMBUS. PITTSBURG. 
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ADVERTISEMENTS. 
ORFORD COPPER CO. 
(Corner Cliff Street ) 99 John St.. NEW YORK. 


ROBERT M. THOMPSON, Prest. 


COPPER INGOTS, WIRE BARS *. CAKES 
Ferro NICKEL 


AND 


FERRO NICKEL OXIDE 


FOR USE IN. PREPARING 


NICKEL STEEL FOR ARMOR PLATES. 


ELEPHANT BRAND 
PHOSPHOR- BRONZE. 


REG.TRADE MARKS | THE PHOSPHOR BRONZE SMELTINGCO.|IMITED, 
|2200 WASHINGTON AVE.PHILADELPHIA. 
"ELEPHANT BRAND PHOSPHOR-BRONZE. 
| INGOTS,CASTINGS, WIRE,RODS, SHEETS, etc. 
. ——OELTA METAL— 
CASTINGS, STAMPINGS FORGINGS. 
ORIGINAL ano Sote Makers INTHE U.S. 


DELTA METAL. 
PROPELLER CASTINGS. 
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ADVERTISEMENTS. 
_ M. T. DAVIDSON, 
_ Steam Pumps 


For all Situations. 
AIR PUMPS, CONDENSERS, 
EVAPORATING 


and 


DISTILLING APPARATUS. 
Single and Multiple Effect. 
Principal Office : 
43-53 Keap Street, 
BROOKLYN, N. Y. 


Branches: 
133 Liberty St., N. Y., 
30 Oliver St., Boston. 
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MARINE AIR PUMP, 


AS FURNISHED 


U. S. STEAMER “BANCROFT.” 
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ADVERTISEMENTS. 


Pocahontas 


Smokeless Coal is the Standard Fuel 
of the United States Navy 


And is the Best Steam Fuel Mined, enjoying the Unique Distinc- 
tion of being the Only Coal in the World that has been 
Officially Endorsed by the Governments of the United States 
and Great Britain. 


WAR SHIPS OF THE UNITED STATES NAVY WHICH MADE 
THEIR TRIAL TRIPS WITH POCAHONTAS COAL. 


VESSEL. BUILDERS. DATE OF TRIAL. TARNED, 


Baltimore, . Cramp &Sons, . . . Nov. 15,1889 . . $106,442 
Philadelphia, Cramp &Sons, .. . June 25,1890 . . 100,000 
Newark, . . Cramp&Sons, .. . Dee. 22,1890 .. 36,857 
Bancroft, . Moore &Sons,. .. . Jan. 26,1893 .. 45,000 
Detroit, . . Columbia Iron Works,. Apl. 17,1893 . . 150,000 
New York, . Cramp &Sons, .. . May 22,1893 . . 200,000 
Machias, . . Bath Iron Works, . . June 10,1893 . . 45,000 
Castine, . . Bath Iron Works, . . Sept. 15,1893 . . 50,000 
Columbia, . Cramp &Sons, .. . Nov. 18,1893 . . 350,000 
Marblehead, Quintard Iron Works, . Dec. 7,1893 . . 125,000 
Montgomery, Columbia Iron Works,. Jan. 19,1894 . . 200,000 
Minneapolis, Cramp &Sons, .. . July 14,1894 . . 400,000 
Maine, . . Navy Yard, New York,. Oct. 17,1894 .. 29,200 
Indiana, . . Cramp &Sons, .. . Oct. 18,1895 .. 50,000 
Texas, . . Navy Yard, Norfolk, Va., Dee. 19,1895 .. 1,000 
Massachusetts, Cramp & Sons, .. . Apl. 25,1896 . . 100,000 
Brooklyn, . Cramp &Sons, .. . Aug. 27,1896 . . 350,000 
Iowa, . . . Cramp &Sons, .. Apl 71897 . . 217,420 


CASTNER, CURRAN & BULLITT, 


SOLE AGENTS FOR THE 


Pocahontas 


Semi-Bituminous 
Smokeless Coal, 


MAIN OFFICE: 
328 Chestnut Street, Philadelphia, Pa. 


BRANCH OFFICES: 


1 Broadway, New York. 70 Kilby Street, Boston, Mass. 
Progress | a mg Norfolk, Va. Terry Building, Roanoke, Va. 
Old Colony Building, Chicago, II. Neave Building, Cincinnati, O. 


4 Fenchurch Avenue, London, England. 


+ 


WILLIAMSON BROS. CO., 
ENGINEERS AND MACHINISTS, 


Steam Steering Engines. 
USED IN THE 


U. S. NAVY. 


> 


== Evaporators, 


Office and Works: Richmond and York Sts., Philadelphia, Pa. 


THE ALLEN DENSE AIR ICE MACHINE. 
Contains Air Only. Used on the Now Crnisars and Demanded by the Specitications of the Navy Department. 
B. RODBLEDR, 


No. 41 MAIDEN LANE, NEW YORK. 
DESIGNER AND MANUFACTURER OF SCREW PROPELLERS. CONSULTING AND CONSTRUCTING ENGINEER. 


ADVERTISEMENTS. 
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ADVERTISEMENT~. 


ARMORED CRUISER ‘“ROSSIA.’’ 
FITTED WITH 


Eight SEE Hydro-Pneumatic Ash Ejectors. 


SAN FRANCISCO, CAL,, 


SHIP ENGINE 
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ADVERTISEMENTS. 


19 John Street, NEW YORK. 


Machinery, Tools and Supplies 


ENGINEERS, CONTRACTORS, RAILROADS 
AND SHIP BUILDERS. 


SOLE AGENT FOR 


PIONCRIEFF'S PertH GauGe GLasses. 


FLUSHOMETER. 


FOR FLUSHING WATER CLOSETS. 


Insures a Quick, Clean Flush of Uniform Volume and Power. 


THE BEST SYSTEM EVER INVENTED FOR 
USE ON STEAM VESSELS. 


Used by the U. S. War and Navy 
Departments on ‘Transports Grant, 
Sheridan, Burnside, Terry, Hooker, © 
McClellan, Sherman, Crook, U.S. Coast 
Survey Steamer Pathfinder, U.S. Cruiser 
Detroit and U. S. Gunboat Amphitrite. 
Also on Albany Day Line Steamers, 
Norfolk & Washington S. S. Line, Steam 
Yachts Neaira, Aphrodite and Loando, 
and new lake steamers. 


The Kenney Flughometer is patented and manufactured 
only by the The Kenney Company, who guarantee the 
successful operation of the system. 


THE KENNEY COMPANY, 


72 and 74 Trinity Place, 
Send for Catalogue. NEW YORK. 


ROGERS. 
FOR 
: 
| 
: 
| 
¥ 


ADVERTISEMENTS. 


PAINT 


OF ALL KINDS 
FOR EVERY POSSIBLE PURPOSE. 
WHITE LEAD 
RED LEAD 
PAINTERS’ COLORS 
ZING WHITES 


French and American. Guaranteed 
strictly pure and of best make and 
preparation. 


ANTOXIDE. 


A perfect preservative for structural iron. 


May be applied to hot or cold surfaces. 
Best coating for all sorts of pipe sur- 
faces for all exposures. 


SPECIAL PAINTS 


Large factories and complete equip- 
ment permit the supply of special paints, 
made to any given formula, and in any 
quantity, at shortest notice, with rigid 


ADHERENCE TO SPECIFICATIONS GUARANTEED. 


HARRISON BROS. & CO. 


INCORPORATED. 


PHILADELPHIA, 
CHICAGO, 
Correspondence solicited 
on any paint topic. NEW YORK. 
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AMERICAN STOKER. 


Photograph of a chimney the The’ same chimney AFTER Amgrican 
AMERICAN STOKER was i Stoker was installed. 


MANUFACTURED BY THE 


AMERICAN STOKER CO., 


Washington Life Bidg., Broadway and Liberty Sts., NEW YORK. 


W. D. FORBES & CO., 


HOBOKEN, N. J., U. S. A., 


HIGH-SPEED ENGINES 


FOR 


Electric Light Generators, 
Blowers, Fans, 
Circulating Pumps, 


Yachts and Launches. 
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ADVERTISEMENTS. 


ALL THE NAVIES 
LEADING GOVERNMENTS 
OF THE WORLD 


USE THE 


NICLAUSSE 
WATER-TUBE 
BOILER. 


ADOPTED BY THE NAVIES OF 


United States, Russia, Spain, 
England, Italy, Argentine Republic, 
France. Germany, Chili. 


54,000 H.P. now in course of construction at our works 
for the Russian cruiser and battleship, and United States 
battleship Mazne, now building at Wm. Cramp & Sons’ 
yards, Philadelphia. — 


THE STIRLING COMPANY, 


GENERAL OFFICES, . 


Pullman Building, CHICAGO, ILL. 


Write for Descriptive Matter. 
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ADVERTISEMENTS. 


SECTIONAL COVERING 


(85 per cent. pure Carbonate of Magnesia and 
15 per cent. Fibrous Asbestos]. 


Is used extensively by U. S. Revenue Cutter 
Service, Bureau of Steam Engineering, U. S. 
Navy, and by prominent Ship Builders, Rail- 
road Companies, etc., throughout America. 


We also manufacture a full line of 


ASBESTOS GOODS, LAGGING, PAPER, MILL 
BOARD, PACKING, &c. 


KEASBEY & MATTISON Co., 


AMBLER, PENNA. 


NEW YORK, WASHINGTON, CHICAGO, 
ATLANTA, MILWAUKEE, 
BOSTON, CINCINNATI, CLEVELAND. 
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ADVERTISEMENTS. 


THORNYCROFT 


PATENT 


WATER-TUBE BOILER 


In use in the following Navies: 
U. S. America Austrian German 
British Brazilian Indian 
Argentine Danish Italian 
French 


600,000 H.P. in use. 


Used in the U. S. Navy and in the Mercantile Marine 


AUTOMATIC FEED-WATER REGULATORS 


Sole Agents for U. S. A. . 


THORPE, PLATT & CO. 


97-103 CEDAR STREET 


NEW YORK 
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Lunkenheimer 
Company 


GENERAL OFFICES AND FACTORIES 


CINCINNATI, U. S. A. 


BRANCHES 
New York London 


26 Cortlandt St. 35 Great Dover St. 


Originators, Sole Makers and Patentees of the 
Celebrated 


‘¢ Lunkenheimer ”’ 


Superior Brass and Iron Specialties for 
Steam, Water, Air, Gas, Oils, etc. 


All goods rigidly tested and inspected, and 
warranted as represented. Endorsed and liber- 
ally used by intelligent steam users throughout 
the world. ‘The only goods of their class made, 
having an international reputation for superior 
merit. In stock and supplied by dealers every- 
where. Provide against substitution by specify- 
ing ‘‘ Lunkenheimer’’ make. Investigation and 
comparison invited and satisfaction guaranteed. 
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NTs, 


Pressure 
~ “Regulator. 
(Reducing Valve) 


Are used almost exclusively on 
ships of the U. S. Navy, and 
in the Merchant Marine car- 
rying the U. S. flag. They 
are also now being introduced 
into the British, Royal Dan- 
ish, German, French, Russian 
and Japanese Navies. 


FOSTER ENGINEERING 


(FOR SHIPBUILDERS.) NEWARK, N. J. 


U. S. NAVY STANDARD. 


GEIPEL’S PATENT STEAM TRAP. 


GUARANTEED STEAM TIGHT. 


THORPE, PLATT & CO., 97-103 Cedar St., N. Y. 


Can be entirely 
VALVE CAN “EL taken apart, 
BE GROUND cleaned and 


KATZENSTEIN’S Self-Acting Metal Packing, 


For PISTON RODS, VALVE STEMS, etc., of every description, 
for Steam Engines, Pum S, etc., etc. 

Adopted and in use by the *pringipal Iron Works ind Steamship 
Companies, within the last twelve years, in this and fu.eign countries, 

FLEXIBLE TUBULAR METALLIC PACKING, for slip ip 
on Steam Pipes, and for Hydraulic Pressure; also METAL GAS 
for all kinds of flanges and joints. 

BALANceD Water-TiGHT Butkugap Doors for 
Steamers. Also Agents for the McColl-Cumming Patent Liguip 
Rupper Brake. 

For full particulars and reference, address, 


L. KATZENSTEIN & CO., 


General Machinists, Brass Finishers, Engineers’ Supplies, 
357 West Street, New York. 
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ADVERTISEMENTS. 


STU RTEVANT 
Generating 


Sizes 
25 to 600 
Lights. 


Single, 
Double and 
Compound 

Engines. 


Electric 


Blowers 
And 


Ventilating 
Fans. 

ALL SIZES 


We make 
These Machines 
Complete. 


B. F. STURTEVANT CO. 


WAREROOMS: 
BOSTON, NEW YORK, PHILADELPHIA, CHICAGO, LONDON, 
34 Oliver Street. 131 Liberty Street. 135N.Third Street. 16S. Canal St. 75 Q. Victoria St. 


GLASGOW, BERLIN, STOCKHOLM, MILAN, AMSTERDAM, 
21 W. Nile Street. 4 Neue Promenade. 2 Kungsholmstorg. 4 Via Dante. 745 Keizersgracht. 
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ADVERTISEMENTS. 


THE STURTEVANT 


STEAM BLOWERS 


FOR FORCED COMBUSTION. 


Send for 


Treatise on 
Mechanical 
Draft. 


400 Pages. 


B. F. STURTEVANT CO. 
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ADVERTISEMENTS. 


GENERAL ELECTRIC COMPANY. 


COMPLETE 


Electric Light Power Plants 


WAR VESSELS, 
STEAMSHIPS, 
YACHTS, 
DOCKS, WHARVES, &c. 


Our Marine Generating Set with Engine and Dynamo on the same 
Base is the most Compact and Perfect Marine 
Electric Light and Power Plant. 


Search Lights, Dock Hoists, Fans, Ventilators, 
Incandescent Lights, Arc Lamps, etc. 


MAIN OFFICE, SCHENECTADY, N. Y. 


SALES OFFICES IN ALL LARGE CITIES IN THE UNITED STATES. 


MORAN BROS. COMPANY, 
SEATTLE, WASHINGTON, 


and ENGINE BUILDERS. 


STEEL AND WOOD VESSELS. 


GENERAL MACHINE, FOUNDRY, BOILER 
AND FORGE WORK. 


MARINE RAILWAY, 1,000 TONS CAPACITY. 
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ADVERTISEMENTS. 


CRAMP’S SHIP YARD, 


PHILADELPHIA, PA. 


BATTLE. SHIPS,» CRUISERS, PASSENGER 
AND. FREIGHT STEAMSHIPS, &ZC. 


Steam Machinery of every description, including 
boilers and all equipment, Marine Engines of any 
desired power, Mining Machinery, Hydraulic Plants, 
both for pumping and for power, Furnace Blower 
Engines, Tank Works; in short, every device or 
appliance embraced in the domain of applied 
mechanics. 


Basin Dry Dock and Marine Railway........ 
j Parsons’ Manganese Bronze and White Brass. 
| Water Tube Boilers (Niclausse, Yarrow)..... 


Area of Plant, thirty-two acres. Area covered 
by buildings, fifteen acres. Delaware River front, 
1,543 feet. 


F loating Derrick “Atlas 3”? capacity 130 tons, 
with 60 feet hoist, and 36 feet out-hang of boom. 


Number of Men Employed, about 6,000 in 
all departments. 
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ADVERTISEMENTS. 


THE BLAKE PATENT VERTICAL CROSS-COMPOUND 
SIMPLEX” FEED PUMP. 


The most economical type of direct-acting feed pump, with the additional advant- 
age that either side can be run separately should occasion require, thus containing 
within itself a spare or auxiliary pump. 


*,*Send for paper on ‘‘ Economy Test of a Unique Form of Feed Pump,” tested before repre- 
sentatives from the British Admiralty, Thornycroft and Yarrow. y 
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